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FOREWORD

This final report describing the formulation of the Six-
Degree-of-Freedom Program to Optimize Simulated Trajectories
(6D POST) is provided in accordance with Part 3.0 of NASA Con-

N tract NAS1-14450, The report is presented in three volumes as
b follows:

Volume I - 6D POST - Formulation Manual;
Volume IT - 6D POST - Utilization Manual;
Volume III - 6D POST - Programmer's Manual.

This work was conducted under the direction of Mr. Richard Powell
of the Space Systems Division, National Aeronautics and Space
Administration, Langley Research Center.
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SUMMARY

This volume documents the program logic, subroutine descrip-
tions, and other information concerning the Six-Degree-of-Freedom
Program to Optimize Simulated Trajectories (6D POST) of interest
to the programmer.
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I. INTRODUCTION

The program was written according to guidelines designed to
provide complete generality wherever possible, using a minimum
of central processor time and memory. The guidelines adhered to

are;

1)

2)

3)
4)

5)

6)

7)

Variable computer memory requirements dependent upon
the problem, with an absolute minimum allocation of
66025 octal words.

CDC Fortran IV extended and CDC compass version 3.2-406
programming languages. Assembly language programmed
routines to reduce central processing time.

Minimum program execution code.

Modular program organization.

Generalized routines to permit simulation of wvarious
types of vehicles.

Generality of input, output, targeting and interrputing
variables.

Compatibility of operation on CDC 6000 series computers
using either Scope 3.4.3 or NOS 1.1 operating systems.
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II. PROGRAM STRUCTURE AND LOGIC

6D-POST is coded in CDC Fortran IV extended and CDC compass
version 3.2-406 assembly language. An overlay structure is used
to minimize program memory requirements and disk storage is used
to minimize the memory required for table data. The program re-
quires a minimum of 70,000 octal words of computer memory. The
minimum field length requirement for any particular problem is
dependent upon the amount of table data associated with the prob-
lem. The amount of table data stored on disk is a user-controlled
variable, execution time can be reduced at the expense of using
more memory and vice versa.

Executive programs are used throughout. These control the
program flow by invoking routines which contain the actual math-
ematical formulations. This structure allows the program to be
modified quickly and easily.

All executive programs and load time defining data routines
are maintained on file POST-6D. All other nonsystem routines are
maintained on either the UTILIB, OPTIM or POST-6DL libraries.

TABLE II-1
SUMMARY OF POST MEMORY REQUIREMENTS
Scope

Basic 3.4.3 Subtotal
Overlay Program System (Absolute)
(0,0) 12310 15177 27507
(1,0) 31133 ] 4417 35552
(2,0) 14452 1144 15616
(2,1) 6127 - 6127
(2,2) 12127 576 12725
(2,3 16420 547 17167
(2,4) 706 66 774
(2,5) 10545 14 10561
(2,6) 6020 71 6111
Operating total (minimum) is 66025
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Overall Program Logic

6D-POST is structured in three overlay levels, as shown in
Figure II-1. The first overlay (0,0) is the master executive
overlay, which controls the overall program. This overlay con-
trols the read-in or input data and determines which trajectory
computations are to be performed.

Overlay (0,0) first calls overlay (1,0), which reads the
namelist input data from cards and stores the processed data on
disc for later use.

Overlay (2,0) is called by (0,0) after (1,0) has completed
the input processing tasks. The first decision in overlay (2,0)
concerns the type of simulation; i.e., single trajectory or search/
optimization mode. If a single trajectory is to be run, the pro-
gram calls overlays (2,1), (2,2) and (2,3) sequentially, then
returns to the master overlay (0,0). If the search/optimization
mode is to be used, the program control is turned over to sub-
routine MINMYS, which calls overlays (2,1), (2,2), (2,3), (2,4),
(2,5) and (2,6) as required to perform the search/optimization
function. When convergence has been achieved or the maximum
number of iterations has been exceeded, control reverts back to
the master overlay (0,0) for the next problem.

An outline of the approximate calling sequence for each rou-
tine is presented in the following section of this report. This
outline shows which subroutines are called by a given routine,
thereby allowing the detailed logic flow to be followed easily.
The overall program logic described by the overlays is as follows:

1) Overlay (2,1) reads the previously processed input data
from tape, locates the data for the current phase (event)
and initializes the program values based on this input;

2) Overlay (2,2) initializes the equations of motion for
the current phase;

3) Overlay (2,3) integrates the equations of motion from
time ti to a specified stopping condition for the cur-

rent phase;

4) Overlay (2,4) initializes the targeting and optimization
variables for the current problems;

I1-2



OVERLAY (0,0)
MASTER

- Main program

OVERLAY (1,0)
READAT

- Reads namelist inputs
- Stores input variables

OVERLAY (2,0)

TSPXM

- Contains executive logic
for search optimization

OVERLAY (2,4)
TOIN

- Locates Hollerith variables &
MINMYS
- Determine optimization
option

- Initialize targeting
and optimization

variables

L

!

DINPT OVERLAY (2,1)

- Reads previously stored
input data for current

phase

PHZXMI OVERLAY (2,2)

L= ]

]

— Initializes equations
of motion for current
phase

—
1

Figure II-1. - Program Macrologic



CALE
- Calculates targeting

errors

T
PHZXM OVERLAY (2,3)

- Integrates the equations
of motion for the current
plase from ti to the

specified stopping condition

TEST
- Tests for convergence
ITERO OVERLAY (2, 6)
- Prints iteration diag-
nostics
GRAD
— Calculates cost gradient
- Calculates sensitivity
matrix

DELTU OVFRLAv (2,5)
- Calculates control
corrections
~ Updates control para-
meters

Figure II-1.- Concluded
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5) Overlay (2,5) calculates the control corrections based
on the search/optimization algorithm being used, limits
the control parameters that violate the control param-
eter constraints, and tests for convergence;

6) Overlay (2,6) prints out an iteration summary at the end
of each iteration. It also performs any other informa-
tion output tasks required by search/optimization algo-
rithm, such as printing trial step summaries.

The program dictionary (subroutine DICT) performs a one-to-
one mapping of variables in common and the Hollerith names by
which the user can select the variables for a variety of uses,
including output, stopping conditions, control variables, and
targeting variables.

All variables in the dictionary are located in common with
respect to two labeled commons, IV and END. The first of these
commons defines the starting reference; the last defines the end-
ing reference. These commons must bracket all commons required
by the dictionary.

6D-POST uses a generalized table storing and look-up proce-
dure. Each table has its own multiplier, which is implemented by
dimensioning the table by (2). The first location contains the
address of the table and the second location contains the table
function multiplier. Tables are stored on disk to minimize memory
requirements and are transferred from disk to memory only when
required. The number of tables resident in memory is variable
and can be modified through the input. The generalized table
lookup (GENTAB) is set up to handle all allowable types of tables,
namely, constant-value, monovariant, bivariant, and trivariant.

Outline of Program Logic

This outline shows the calling sequence for a single iteration

for the trajectory and optimization logic. Certain routines are
called only if certain options are requested. These routines are
presented in their approximate calling sequence. The outline
allows the user to follow the program flow either forward or back-
ward from a given routine to aid in understanding the logic flow.
Each subroutine that is called by another routine is listed im-
mediately below and to the right of the calling routine.
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Tape or File Designations

The program uses several Tape (File) designations internally
to perform the simulation tasks. These files are normally stored
on discs, but tapes can be used by assigning them to proper file
designations. The file designations are as follows:

Tape (or File) ' Definition

1 Contains the general data and table multipliers
for the problem

2 Contains the initial conditions for each event
that has a control parameter

3 and 4 Store input data for multiple rumns
5 (INPUT) Stores input data

6 (OUTPUT) Stores output data

8 (PROFILE) Contains the simulation profile

Common Designations

POST uses several labeled commons to provide communication
between subroutines. 1In addition, a blank common is used to act
as a data buffer for the table input data and the event criteria.
The blank common could be labeled, if desired, without adversely
affecting the operation of the program.

The labeled commons are briefly described below in alphabeti-
cal order. The variables are listed in the following section
alphabetically to provide an easy cross-reference.

AUXVC: Common AUXVC contains the variables that are com-
puted as auxiliaries at the end of each integration step.

CYCVC: Common CYCVC contains variables and flags used to
perform cycling functions during forward integration.

DPGVC: Common DPGVC contains the variables and flag associ-
ated with the guidance (steering) options.

DYNVC: Common DYNVC contains variables and flags required

to perform dynamics functions during the forward integrationm.
Primarily this includes time references and discontinuity flags.
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DYTEM: Common DYTEM contains variables and storage used by
the integration algorithms to integrate the equations of motion
forward. No variable in this common may be input or output.

END: Common END is used to define the end of the dictionary.
Any variable defined in a common after common END cannot be input,
output, or used as a search parameter. This common contains only
one variable, namely, END.

GENIC: Common GENIC contains variables of a general nature
that are required in overlay (0,0).

GUIDIC: Common GUIDIC contains the input variables for the
generalized guidance routines.

GUIDVC: Common GUIDVC contains the computed variables for
the generalized guidance routines.

HALINC: Common HPLINC contains all of the Hollerith input
variables.

INFVC: Common INFVC contains variables and flags that may
be used in the information output routines at any phase.

IV: Common IV is used to define a reference to the diction-
ary region. All variables that are to be input, output, or used
as search parameters must be defined in a common between common
IV and common END. IV contains the size of this region. This
comon contains variable, namely, IV(2).

LPCAL: Common L@PCAL contains parameters used in computing
the equations of motion and the auxiliary equations that are not
required to be input or output. If a common variable is to be
added and it is not needed as an output or an input, it should
be added to this common.

MNMMLT: Common MNMMLT contains a list of mneomonic multi-
pliers associated with the aerodynamic tables. The first cell
contains the value 1.0. The remaining cells contain the address
of any input variable within the dictionary.

MPTBL: Common MPTBL defines all tables to be interpolated
by the general table lookup routine GENTAB. Each table requires
two consecutive storage locations, The first is the table ad-
dress and the second is the value of the table multiplier., When-
ever a table is added to this common, subroutines DICT and DATA
must be modified accordingly.
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MATIC: Common M@JTIC contains all parameters that are re-
quired as input to the equations of motion. Input parameters
do not have to be defined in this common; however, when such a
parameter is defined in a lower common (e.g., M@TVC), the pro-
gram must search for the dictionary and, hence, run longer.

M@TVC: Common MPTVC contains all variables used in the equa-
tions of motion. These are generally not input or constant par-
ameters. They are available for output, table arguments, or
search parameters through the dictionary.

MULTRC: Common MULTRC contains the variable associated
with the multlple—run capability.

@VRLY25: Common @VRLY25 contains the variables required by
overlay (2, 5), which contains the direction-of-search logic.

PHZVC: Common PHZVC contains flags and constants required
to perform the phasing functions.

REDAT: Common REDAT is defined in overlay (1,0) by READAT
and contains variables and storage data required to build the
general and table data buffers.

SEARC: Common SEARC is defined in BLKDAT and, in general,
contains all parameters required by the iteration algorithms.
Variables in common SEARC can be input only once per run through
namelist SEARCH. They cannot be changed through input at a
phase. Since SEARC is defined in overlay (0,0), it is available
to every routine in the program.

SERVC: Common SERVC is a service common available to all
routines in the program. This common contains 50 cells of tempo-
rary storage, 5 commonly used index parameters, and a list of the
most frequently used fixed- and floating-point constants. This
common should be used whenever possible in order to conserve
storage.

SPECAL: Common SPECAL contains the variables associated with
the special calculation routine CALSPEC.

TARGVC: Common TARGVC contains parameters calculated for the
target t vehicle.

IGOVC: Common TGOVC contains variables and flags required to
perform the time-to- ~go functions.

I1-8



o

Program Additions

The guidance, navigation, and flight control routines will
generally be coded by the user. The coding of these routines may
require the user to make minor program additions. The most fre-
quently requested types of program additions are: addition of new
general variables, addition of generally new tables, and addition
of new integrals. Instructions for making these additions are
presented in this section. Other types of additions will gener-
ally require in-depth knowledge of the program code, and a pro-
prammer familiar with the program should be consulted.

Addition of new general variables.- General variables are
any variable that are computed in the simulation portion of the
program and are to be input, output, used as table arguments,
search parameters, integrals, or derivatives. The program Execu-
tive processing algorithm expects to find all general variables
defined in a labeled common which is loaded between the labeled
common /IV/ and the labeled common /END/. The labeled commons
/IV/ and /END/ are defined in subroutine DICT for overlay (1,0)
and in subroutine DATA for overlay (2.0). The labeled commons
defined between /IV/ and /END/ must be in the same order and must
be the same size in subroutine DICT [overlay (1,0)] and in sub-
routine DATA [overlay (2,0)]. That is, a one-to-one mapping of
parameters in subroutine DICT to subroutine DATA relative to
labeled common /IV/ must be maintained; /END/-/IV/ in overlay
(1,0) must equal /END/-IV/ in overlay (2,0). This is absolutely
required for proper program operation.

The following steps should be followed to add a general
variable:

1) Add the new variable(s) to an appropriate labeled common.
For example, if the new variable is an auxiliary param-
eter, it should be added to labeled common /AUXVC/. New
variables should be added on to the end of an existing
common. Only the length of the common should change,

NOT the structure.

If the user does not want to add to an existing common,
a new labeled common may be defined, and the new vari-
ables included in it. However, this is not generally
necessary.
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2) The labeled common to which the new variables have been
added, or the new labeled common, is replaced or added
into subroutine DICT in overlay (1,0). If a new labeled
common is being added it must be placed after common
/1V/ and before common /END/; but not between common
/MOTBL/ and common /MOTEND/. The locations from common
/MOTBL/ through common /MOTEND/ are reserved for tables.

3) For every new variable added, the Hollerith name by which

' it is to be known must be set into its location for use
during input processing. This is done by a DATA state-
ment in subroutine DICT. For example, if a new variable
called AROANG is added, then the data statement DATA
AROANG/6HAROANG/ must be added in the subroutine DICT.

4) If the new variable is going to be on input quantity it
must be added to NAMELIST/GENDAT/. The input
NAMELIST/GENDAT/ is defined in subroutine RGENDA in over-
lay (1,0). Include the new or updated labeled common
and add the new input variable to the namelist.

5) Subroutine DATA, in overlay (2,0), establishes the ini-
tial or nominal values of the variables to be used in
the simulation. Every new variable must have a nominal
value set, even if it is zero. Add the new common, or
update existing common with new variables, in the sub-
routine DATA.

6) Add data statement in subroutine DATA to set nominal
value of new variable.

7) Add or change common for new variable in routines where
it is to be used. Add necessary coding to perform com-
putations involving new variable.

Adding new tables.- The program has a generalized table ac-
cessing feature that allows new tables to be added without add-
ing dimensional arrays, hard-wired table arguments, table types,
table dimension, etc. The program input processor packs all
tables input by the user, into an array in blank common. At
execution time, the table interpolation routine, GENTAB, is
directed to a particular table in the blank common array by a
pointer, which is set at data initialization at the beginning of
each phase. Thus, each table has a pointer associated with it.
Each table also has a multiplier associated with it, by which the
table is scaled during execution. To add a new table the user
need only add the table pointer and the table multiplier. Be-
cause the pointer and multiplier can change from phase to phase,
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they are included in the general data area of program. That is,
they are defined between labeled common /IV/ and labeled /END/

as they are specified in Subroutine DICT and DATA for overlays
(1,0) and (2,0), respectively. The table input processor expects
to find all table pointers and multipliers together, and in pairs.
The pairs must be defined between labeled common /MOTBL/ and
labeled common /MOTEND/, as declared in Subroutine DICT and Sub-
routine DATA., A new table pointer and multiplier should be

added to labeled common /MOTBL/. A new labeled common could be
declared between common /MOTBL/ and /MOTEND/, but this is gen-
erally not necessary.

To add a new table the following procedure is to be followed:

ip) Add two locations to labeled common /MOTBL/ for the
table pointer and multiplier.

2) Replace labeled common /MOTBL/ in Subroutine DICT in
overlay (1,0).

3) Add data statement in subroutine DICT to set table name
in pointer, and Hollerith name of multiplier into table
multiplier. For example, if a new table called EMFT is
to be added, then EMFT(2) is added to common /MOTBL/.
In Subroutine DICT the data statement DATA EMFT/4HEMFT,
6HEMFTM/ is added. This sets the table name, EMFT, and
the table multiplier EMFIM for the input processor.

4) Table multipliers are input through namelist /TBLMLT/.
Thus the table multiplier must be added to namelist
/TBLMLT/ in subroutine RTBLML in overlay (1,0). Replace
the labeled common /MOTBL/. Include equivalence state-
ment to equate table multiplier with desired input name.
Add input name to namelist /TBLMLT/. TFor example,
EQUIVALENCE (EMFT(2), EMFTM); add EMFIM to namelist
/TBLMLT/ .

5) Replace labeled common /MOTBL/ in subroutine DATA in
overlay (2,0).

6) Add data statement in subroutine DATA to set table
pointer to zero and table multiplier to desired nominal
value. Generally the table multiplier will be set to
1.0. For example, DATA EMFT/0 , 1.0 /.
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7) To reference the new table add or replace labeled common
/MOTBL/ in routine where table look-up is to be per-
formed. To perform the interpolation, the interpola-
tion routine GENTAB is called with the table pointer as
an argument, For example:

VOLT = GENTAB (EMFT)
If the table is not input, GENTAB will return as zero.

Adding new integrals.- Any general variable computed in the
simulation model can be integrated provided it satisfies the neces-
sary conditions of differential and continuity as required by

the intergration algorithms. The variables must be computed in
the inner loop of the simulation, and be defined as a general
variable in Subroutine DICT and Subroutine DATA. The program
determines which variables are to be integrated during any phase
from an integration list, which is defined in BLKDAT. The inte-
gration list contains three entries for each integral. These
entries are the integral name, the derivative name, and a flag to
indicate whether this integral is to be integrated or not. Dur-
ing phase initialization this flag can be set to turn the inte-
gration on or off. The integration list is defined in labeled
common /DYNIL/ in BLKDAT. The first location in labeled common
/DYNIL/ contains the total size of the list including itself.
Thus, to add an integral the common /DYNIL/ must be increased

by three, and the contents of DYNIL(l) increased by three,

To add a new integral the following procedure should be
followed:

1) In BLKDAT, overlay (0,0) increase the dimension of
DYNIL in labeled common /DYNIL/ by three for each new
integral.

2) In the associated data statement increase the number
prestored into DYNIL(1l) by three for each integral added.

3) Add the DATA statement to set the Hollerith name of the
integral, of the derivities and a nominal value of O or
1, depending when the integral is to be nominally off
or on, into three new locations defined in DYNIL.

For example, to add DYNPI as the integral of DYNP, the
following DATA statement should appear.
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4)

5)

DATA DYNIL/M, 6HTIME, 6Htime , 1
, .
]

6HDYNPI, 6HDYNP , O /

Add integral and derivative, if required, to simulation
as described previously under addition of general vari-
ables.

If the user desires to turn the integral on or off as a
function of input, or model selected, then, the asso-
ciated flag must be set in the integration list in Sub-
routine MOTIAL (overlay 2,2). The utility routine INTGRL
can be used. The first argument is the position of the
integral in the list, the second is the number of inte-
grals to be set, and the third the flag zero or one.

Adding New Auxiliary Calculations

Additional auxiliary variable calculations can be added to the
subroutine AUXFM. Their location within the routine determines
when and how often these computations are performed. To add new
calculations one of the following procedures should be followed:

1Y)

2)

Position code between the call to subroutine GAMLAM and
the call to CONIC. Calculations within this area are
calculated at each integration step.

Add variables to an existing variable partition set and
add equations to the section of AUXFM which computes

the variable set. The following updates must be made.

a. Adjust the CALNAM array to reflect the additioms,
in common AXCAVC;

b. Adjust the routine NOMHOL local variable array
NOMVL3 to reflect the changes;

c. Add the variable names to the NOMVL3 data statements;

d. Adjust the NOMHOL DO loop upper limit which trans-
late the variable names;

e. Adjust the partition constants defined by data
statements in routine DATA.
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3) Define a new partition set and add equations to the end
of AUXFM. Repeat steps listed in procedure 2. The ICAL
and INFF variables can be used for control when these
additions are computed.
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III. SUBROUTINE DESCRIPTIONS, FLOW CHARTS, AND SELECTED LISTINGS

This section describes the subroutines used in the program.
Flow charts and/or listings are also presented in order to show
the detailed operation of the subroutines,

Note that the routines are presented alphabetically, rather
than in the order shown in the previous outline of program logic.
The outline enables the user to follow the program logic flow from
one subroutine to another with a minimum of searching to find the
next routine, but this alphabetical listing makes it easier to
find subroutines at random.
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AER@#: This routine calculates the aerodynamic forces and moments
in the body coordinate system,

COMPUTE DRAG
AND LIFT COEFFICIENTS

ADD
—————— L —J VISCOUS

TERMS
X
COMPUTE AERO
COMPUTE FORCES IN THE
AXTAL AND NORMAL BODY SYSTEM

FORCE COEFFICIENTS

COMPUTE AERO
MOMENTS IN THE
BODY SYSTEM

COMPUTE SIDE-
FORCE COEFFICIENT

COMPUTE PITCHING,
YAWING AND ROLLING
MOMENT COEFFICIENTS
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AERPHI : This routine calculates aeroheating indicators
that are functions of angle of attack, sideslip, and Mach number.

COMPUTE MACH~ SET MACH DEPENDENT
DEPENDENT MULTIPLIERS
MULTIPLIERS TO ONE

INITIALIZE

THE DERIVATIVES
OF THE HEATING
INTEGRALS

APPLY CORRECTIONS
FOR ALPHA AND BETA
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AER@4 : This routine calculates the corrections to the 1ift
and drag coefficients (DCLV and DCDV) to be applied to CL and CD
to account for viscous interaction effects.

COMPUTE VMU,
REYN@, AND
VINV

VINV : VINFI
RECOMPUTE VINV

COMPUTE DCLV
AND DCDV

ADD CORRECTIONS
TO CL AND CD
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AIRFM: This routine calculates the total external forces
and moments acting on the vehicle,

COMPUTE TOTAL EXTERNAL
FORCES AS THE SUM OF
THRUST, AERO, AND RCS
FORCES

COMPUTE THE TOTAL
EXTERNAL MOMENTS AS THE
SUM OF THRUST AERO,

AND RCS MOMENTS
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ATM@AS: This routine determines which atmosphere model is
to be used.
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ATM@PS1: This routine computes the atmospheric parameters
using generalized table lookups.

PRES = GENTAB(PREST)
ATEM = GENTAB (ATEMT)

IF[CST = 0]
YES
CS = VATM@PSK(1)*ATEM
CS = GENTAB(CST)
IF[DENST = 0.]
L YES
RHP = ATM@SK(2) *PRES/ATEM
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ATM@S2: This routine computes the atmospheric parameters
based on the 1962 U.S. Standard atmosphere model as a function
of geopotential altitude.

FPP5*(RE + RP)
RA*H@/ (RA + H@)

1

YES
‘ IF[IPFLAG < 1] HG = HG/CMPFT
J
\ NO
> 0 \: 0
IF[HG - HB(ISV
—’——_<:7[ )[I

<0

29 y

IF[ISV < 1] “)LYES
- J

NO

ISV = ISV - 1

——-GF[HG - HB(ISV) D__.
<0 >0

=0 A

10

-:-—Of\-G?[HG - HG(ISV + 1)] Y 0

=° Sl

ATEM = TMB(ISV)
PRES = PB(ISV)

g

HG

1SV = ISV + 1 N

ISV = ISV + 1 @
)

ATEM = TMB(ISV) + RL(ISV)*(HG - HB(ISV))
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L

NO

ATEM = ATEM/CTEMP
PRES PRES/CPRES
RH@ = RH@/CDENS

CS = CS*CMPFT

RH@ = .58256430E~3*PRES/ATEM
CS = 49.0221568 = VATEM

)
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AUT@PPM: This routine calls the selected autopilot model.

AUT@PM

YES
(:i IF[ IGUID(14)=2 and EVIF=2 ]

-
YES

IS THE AUTOPILOT DT> 1.E10 )
‘ NO

IS IT TIME TO CALL NO
THE AUTOPILOT

l YES

|UPDATE AUTOPILOT

TIME

YES

NO
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ATM@S3: This routine computes the atmospheric parameters
based on the 1963 Patrick AFB atmosphere model.

CONVERT ALTITUDE
TO METERS

IF ALTITUDE IS NEGATIVE,
SET IT EQUAL TO ZERO

DETERMINE THE
ALTITUDE REGION
AND EVALUATE

THE PROPER
POLYNOMIALS

COMPUTE ATEM,
PRES, AND DENS

CONVERT FROM
METRIC TO ENGLISH
UNITS IF REQUIRED
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AUTP1: This is a user supplied ascent autopilot (analog with
load relief) model.

AUTPI

USER SUPPLIED
EQUATIONS

RETURN
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AUTP2: This is the user supplied reentry autopilot routine.

REENTRY AUTOPILOT
EQUATIONS

RETURN
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AUXFM: This routine calculates the auxiliary variables as-
sociated with the closed loop guidance equations at each integration
step and all other auxiliary variables that are required as a func-

tion of input data when needed.

COMPUTE RANGE
PARAMETERS
%g“ﬁgéﬁlggﬁLAM COMPUTE ALPTOT,
QALTOT, DRAG
¢ AD LIFT IF
REQUIRED
COMPUTE DGAMA
AND DLAMD ;
* COMPUTE MEASURABLE
ACCELERATION
COMPUTE RELATIVE
VELOCITY IN THE +
G-SYSTEM COMPUTE CONIC
% PARAMETERS IF
REQUIRED
COMPUTE GEOCENTRIC
LATITUDE *
; COMPUTE BANK
ANGLE
COMPUTE GEODETIC
LATITUDE ;
+ CALCULATE
DGENV
COMPUTE INERTIAL —
VELOCITY, FLIGHT PATH
ANGLE, AD AZIMUTH MONITOR
¢ IF REQUIRED
COMPUTE RELATIVE ¢
VELOCITY, PATH CALSPEC
ANGLE AD AZIMUTH <<LIF REQUIRED;>>
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AUXFMI: This routine initializes the auxiliary calculations.

COMPUTE VELOCITY

COMPONENTS IN
THE G FRAME

COMPUTE REFERENCE
PARAMETERS FOR
RANGE CALCULATIONS

INITIALIZE THE THRUST
INCIDENCE ANGLES FOR
STATIC TRIM

NEWSTG :

RSS DELTA VIDEAL

FOR PREVIOUS
STAGE

INITIALIZE THE
TRACKING STATION
PARAMETERS
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BACK@I: This routine computes the inertial Euler angles,
given the LB matrix.

ABS(LB(5)) : 1.0E-10
>
COMPUTE R@LI
COMPUTE YAWI
ABS(LB(1)) : 1.0E-10
>
COMPUTE PITI
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BACK@R: This routine computes the relative Euler angles,
given the GB matrix.

ABS(GB(1)) : 1.0E-10
>
COMPUTE YAWR
COMPUTE PITR
ABS(GB(9)) : 1.0E-10
>
COMPUTE RJLR
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BLKDAT: This routine is not called explicity but performs
its function of presetting all internal program values at load
time. Certain of these values can be overridden later by input
if desired.
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*DECK +BLKDAT

BLOCK DATA

Car% BLKDATY

C

CHxx THE DATA STATEMENTS IN THIS ROUTINE ARE STANDARDIZED

OO0

N
o
»
P
-

*CALL
*CALL
*CALL

*CALL
*CALL

SET INITIAL PROGRAM VALUES

STANDARD FORTRAN DECLARATIONS
COMMON
DIMENSION
EQUIVALENCE

TYPE (CAN BE ANYWHERE ABOVE)

DATA (CAN BE ANYWHERE)
NAMEL IST

= WARNING-~-

**% COMMON MULTRC MUSTY BE FIRST COMMON IN BLKDAT **=*

MULTRC
PAGERC
SERVC
PADC

GENIC
SEARC

COMMON/INFIV/ INFIV(1)

COMMON / INFIC / PE(480), NPRNY
COMMON/INFND / INFND

COMMON /DYNIL/ DYNIL(175)
COMMONZINPVC/ INPCF

COMMON IBKT(135000)

DIMENSTON DYNIL1(52)
DIMENSION DYNILZ2I48)
DIMENSION DYNIL3{18)
DIMENSION DYNIL4UIST)
DIMENSION PE1(216)
DIMENSION PE2(264)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(DYNIL1(1),0YNIL( 1)}?
(DYNIL2{1),DYNILL 53))
(DYNIL3(1),DYNIL(101))
(DYNILA(1),DYNIL(1129))
(PE(1),PELI2)?
(PE(217),PE2(1))

COMMCN MULTRC

DATA IN

/3 /
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DATA IO /3 /
DATA MULTRF/1} /
DATA IGSIZ /0

c

c COMMON PAGERC

C
DATA ICASE /0 /
DATA HEADER /10%*1H /

c

C COMMON SERVC

c

DATA TEMP /50%0
DATA STEMP /25%0,.0
DATA IR1 /70
DATA 1IR2 /0
DATA 1IR3 /0
DATA IR4 /0
DATA IRS /0
DATA IR6 /0
DATA NULL /1HU
DATA NOO /0
DATA NO1Y /71
DATA NO2 /2
DATA NO3 /3
DATA NO4& /6
DATA NOS /5
DATA NO& /6
DATA NOY 77
DATA NOB8 /8
DATA NO9 /9
DATA N1O /10
DATA N11 /711
DATA N12 /712
DATA N13 /13
DATA N4 /714
DATA N15 /15
DATA FPNOO /0.0
DATA FPPS / 5
DATA FP1 /1.0
DATA FP2 /2.0
DATA FP3 /3.0
DATA FP4. /4,0
DATA FP5 /5.0
DATA FPé& /6.0
DATA FP7 /7.0
DATA FP8 /8.0
DATA Fe9 /9.0
DATA FP10O /10,0
DATA FP1l /11l.0
DATA FP12 /12.0
DATA FP13 /13.0

I1I-20
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DATA FP14 /14,0 /7
DATA FP15 /15,0 £
NATA FPAO /60,0 4
DATA FBOQ /90,0 4
DATA FPY20 /120.0 /
DATA FP270 /270.0 4
DATA FP360 /360.0 /

DATA PI02 /1.5707963267948965/
DATA P} /3.141592653580793/
DATA RPD /70.,01746522925109042320/
DATA DPR /57.29577951208232/
DATA TWOPI /4.28318520717056864/
DATA FTPNM  /6076.11565 7
DATA CMPFT /.32048 7/
DATA I0FLAG 70/
C*** CFORCE = NEWTONS PER POUND
DATA CFORCE /4,44822146152605/
C**%  CPRFS = LB/FT#$2 DPER NFWTONS/METEPSexD
DATA CPRES /.0208854347/
C**%x (CTEMP = DEGREES F PER DEGREES K
DATA CYEMP /1.8 /
Coe%k CDENS = SLUCS/FTe23 PFR KILOCRAM/METFD»233
DATA CDENS /.001940231965 /
Cx®x* C(HEAT= JCULES PER RTY
DATA CHEAT /1054.350264488R88 /
Cx%x%x CMASS = KILOGRAMS PEP SLUG
DATA CMASS /14.5929029 /

DATA CVDIST/6076.1155 /
DATA IDENT /1.0 2N.0 +C.0 ’
l 0.0 '1.0 ,0.0 *
2 0.0 v0e0 1.0 /
DATA 1VSZ /O !/
DATA XIMF /1.0E+1] /
DATA SPDY /86400, /
DATA SPHR /3400, /
DATA FPEM6 /1.0F~6 /
DATA FPEMBR /7 .0FE-~8 /
DATA FPEM10/1.0F~10 /
C
DATA INF1V /0 /
DATA INPCF /0 /
Cxex% .
C
DATA PE]

170y 6HTIME ,0,6HTIMES ,0,6HTDURP 90 +6HNENS 4 0,6HPRES  ,0,6HATEM
2,0y 6HALTITO 0 y6HGCRAD D ,6HGNLAT (N,6HTCLAT ,0,6HLONG  ,0,6HLCONGT

320, 6HVELT 30 ,6HGAMMAT 0 4 6HAZVEL T 40 ,4HXY '0,6HVXI 2O 6MAYT
L4909 EHVELR 30 6HGAMMAR O 36 HAZVELR 4D ,,6HY] » 04,6 HVYT 209 6HAY]
Ss096HVELA 4 0,6HCAMMAA, O, 6MAZVELA,L,0,6H2Y y06HVZ] vCo6HATIT

690y 6HGAMAD 40 ,6HAZVAD 403 6HDWNRNG 40 s6HCRRNG 4 096HDPRNG1 40 ,6HDPRNG2
TyC 9 AHTHRUST y O 46HWE IGHT 04 6HWNOT 20 ,AMHEICON, O 6HWPPOP L0 46 HASMG

ITI-21



(s KaNe

III-22

8y0,6HFTXB ,0,6HFAXB ,0,6HAXB 90,6 HTMXB
99026HFTYB ,0,6HFAYR ,0,6HAYR v06HTMYR
0,0,6HFTZB ,0,8HFAZB  ,0,6MHAZB v0,6HTMZR
AyO,6HCA 10 6HCLL »0»6HCD +0,6HDRAG
Bs0,y6HCY »06HCM v0,6HCL 20+6HLIFT
Cs06HCN » O 6HCH
Ds096HROLBD 40 ,6HROLBDD 03 6HROLT  40,6HYAWR
E+yO+6HPITBD ,0,6HP ITBDD,0+6HYAWY ,0,6HPITR
F9Oy6HYAWBD ,0,6HYAWBDD,0,6HPITT +0 y6HROLR
G0y 6HROLBER, 0 6HROLAC ,0,6HXREF 2046 HXCG
HyO3 6HPITBERy 096HPITAC ,0,6HYREF ,0,6HYCG
1/

DATA PE2
170, 6HYAWBER 4 0 y6HY AWAC ,0,6HZREF ,0,6H2CG

2 4252%0
3
DATA NPRNT /240/

DATA DYNIL!

c /175

! y6HTIME L6HDTIME ,1
2 S6HX1Y s6HVXY vl
3 y6MYY y6HVY] vl
4 ,6H1Y 26HVZ] el
5 +6HVXI v6HAX]T 1
6 J6HVYY 2 6HAYY vl
T 6KV2Y '6HAZY vl
8 +6HMASS L6HDMASS ,1
9 ,6MHED »6HDEO vl
N L46HE] ¢+ 6HDE] vl
A J6HE?2 +6HDE 2 vl
B 46HE3 26HDE3 vl
C y6HFVALL »65HDFVALL,O
D s6HFVAL2 ,6HDFVAL2,0
E 46HFVAL3 ,6HDFVAL3,0
F +6HTLHEAT,6HHEATRT,]
G y6HTIME L6HDTIME ,0
H/

DATA DYNIL?2
1/6HPWPROP y 6HPWDOT 40
2y6HHTURB ,6MHTURBD,0
3y6HTIMRF],6HDYIMR1,0
4y6HTIMRF2,6HDTIMR 2,0

5'6H7I"pF3 ’6HDTIMR3 10 )

64+6HTIMRF4,6HDTIMRS,0
Ty6HGINTT ,6HGDERV1,0
8y6HGINT2 ,6HGDERV2,0
9+6HGINT3 ,6HGDERV3,O
Qy6HGINTSL 6HGDERVA,,0O

»O96HAMXR ,0,6HTTMXB
v0y6HAMYB  ,0,6HTTMYB
90,6HAMZB  ,0,6HTTM2ZR
v096HDYNP ,C,6HASX]
»09y6HMACH  ,0,6HASY]

20 9 6HHEATRY ;0 4 6HTLHEAT , 0,6 HREYND r0s6HASZT

2036HALPHA ,0,6HALPTOY

2»Os6HBETA ,0,6HQALPHA
» 09 6HBNKANG , 0,6 HALPDOT
» 046HIXX 20, 6HIXY
y0,6H1IYY v0,6H1IXZ
v096HIZZ 90 46HIYZ



OO

As6HGINTS

BeAHGCINTA

CrbHEINTY

Dy6HGINTS

Es6HGINTS

Fs6HGINTIO
G 7/

s 6HGDERVS, C
P 6HGPERY A, 0
y6HCDERY?,0
y6HGDERY R, 0
+6HGDERY 9,0
»6HGDEPYD,0

DATA DYNIL3

/6HROLB
P &HPITR
» 6HYAWB
s 6HROLRD
y6HPITRD
» 6HY AWRD
/

JOWM NN

+6HROLBD ,1
2 6HPITAD ,1
+6HROLBDD, 1
y&6HPITADD, Y
»6HYAWBDD,1

DATA DYNIL4

Z6HTROLN
y6HTPITN
2 6HTYAWN
» 6HTROLP
+6HTPITP
+6HTYAUWP

s 6HROLBC
2 HHPITRC
» 6HY AWRC
s 6HEA2Y
2 6HEYSHY
s ERTONTY
2 6HDFLA
o HHDELE
»6HDELR

HIODTMTMOODIPOODNIANDULN -

»6HTROLND,O
+6HTPITND,O
2SHTYAUND 0
26HTRCOLPD,O0
s6HTPITPD,0
y6HTYAHPD L0

v6HALPERI,6HALPERR,O
y SHWPCONY , 6HVDNT Y ,0
1 SHDSPINT 6HDSPD ,0
yOHDSYINT L6HDSYD 40

»y6HROLBDC,0
1 6HOTITROC,0
s6HYAWBDC ,0
y6HEA2 »0
»6HEYS »O
2 6KTONTD L0
y&6HBELAD L0
v6HDELFD ,0
y6HDELRD ,0/

CCMMON SFARC

DATA CONEPS/
1
2

89.9 ]
3%,00001,
2%.,C0001 /

DATA CONSEX/ .000001

1

1 ’

DATA CAMAX /10,0 /

DATA IDEB /

’
DATA DEPPH / 25%9
DATA DEPYL / 25%1.0
DATA DEPVAL/ 25%0.0
DATA DEPVR / 25%0.0
DATA FITERR/ .000001

00.0

- 001

001}

NN NN,

0
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DATA IDEPVR/ 25%0
DATA IFDEG / 25%0
DATA INDPH / 25%0
DATA INDWVR / 25%0
DATA IPRO 7/ 0
DATA LIMIT /50008 /
DATA MAXITR/ 10
DATA MODEW /
DATA NDEPV /
DATA NINDV /
DATA OPT /
DATA OPTPH /900,
DATA OPTVAR/
OATA PCYCC /.1
DATA PCTOLD/ .1
DATA PERY /25%]1.E~4
DATA PGEPS / 1.0 /
DATA P2MIN / 1.0
DATA SRCHM / 0
DATA STMINP/ o1

1 4 ol
DATA STPMAX/ 1.0E+10
DATA U / 25%0,0
DATA WCON / 100,0
DATA WOPY / 1.0
DATA ISFLG /63
DATA IWTFLG/O
DATA WVU /725%1.0
DATA ITCPF /0
DATA SYPMXS/1HU/
DATA JISENS /0O/
DATA STPMXO0/1.0E10 /

QO O00O0m
\\\\\\\\ NN NNN

~
~

NNNNN NN

NN
NN

COMMON GENIC

(nNaNal

DATA IPRY /63 /
DATA LISYIN/2 /
DATA ESNT /1.0/

COMMON PADC

s Nelal

DATA NPAD /9.94,.414,446943979/
DATA PDLMAX /2.0/

DATA SIGDEL/0.0O /
DATA SDIF /0.0 /
END
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CALE: This routine calculates the performance index (P1)
and the error in the target variables (E(I)).

ABNORMAL TERMINATION.
SET P1 TO TEN TIMES
ITS NOMINAL VALUE

IS THTIS THE DESTRED
PHASE FOR ({PTVAR?

COMPUTE P1

Dé(120)T = 1,MDEPV

ABNORMAL TERMINATION.
SET E(I) TO TEN TIMES
ITS NOMINAL VALUE

@) |

1S THIS THE
DESTRED PHASE
FOR DEPVR(I)?

COMPUTE L (I)

(29 Y

RETURN
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CALSPEC: This routine is a blank routine to be used when
special calculations of a temporary nature are required. This
routine is called at the end of each integration step from AUXFM.
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CGM: This routine contains the logic for the conjugate
gradient method. It is a second-generation unconstrained
optimization technique that has the stability of the steepest-
descent method and the convergence properties of the second-order

techniques.

UPDATE S(I) AND
DU(T)

INITIALIZE S(I)
AND DU(T)

GSOPLD TEMP

ICGM = 0

I11-27



CLGM: This routine contains the executive logic for the
closed-loop guidance routines.

GCNTRL
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CLLSPFL (NENDFL): This routine closes out profile records and
writes a physical end of file on the profile tape for each trajectory.

WRITE OUT ANY
REMAINING VARTABLES

NENDFL :

\IRITE A PIIYSICAL
END OF FILE
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COMBIN: This routine determines all combinations of the
indices of the active constraints. These combinations of con-
straints are used to determine if any constraints can be dropped,
and are used when the number of tight constraints exceeds the
number of independent variables.

IND(2) = NUMBER OF
ACTIVE CONSTRAINTS
MINUS THE NUMBER OF
EQUALITY CONSTRAINTS

IND(3) = NUMBER OF
INDEPENDENT VARIABLES
MINUS THE NUMBER OF

EQUALITY CONSTRAINTS

DETERMINE A COMBINATION
OF IND(2) INDICES TAKEN
IND(3) AT A TIME
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CHNIC: This routine calculates the Keplerian conic for
either elliptic or hyperholic orbits, based on the value of the
orbital energy.

COMPUTE TRUE
ANOMALY AND
ARGUMENT OF
PERIGEE

COMPUTE ECCENTRIC
AND MEAN ANOMALIES

COMPUTE APOGFE
RADIUS, PERIOD,

TIMSP, TIMTP, PGLATC,
PGL®N, AND APVEL

CALCULATE
ENERGY AND
SEMIAX

COMPUTE
ANGULAR
MOMENTUM

COMPUTE
SEMILATUS
RECTUM

COMPUTE
ECCENTRICITY

COMPUTE VELOCITY
REQUIRED TO
CIRCULARIZE ORBIT

=<
C‘ZNERGY : o)—

COMPUTE HYPVEL,
TRUNMX, DECLIN,
AND RTASC

COMPUTE
INCLINATION
AND ARGUMENT
OF THE VEHICLE
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CONTM: This routine calculates engine and aerodynamic
control surface deflections based upon the autopilot commands
and the mixing logic,

COMPUTE
AEROSURFACE
DEFLECTIONS

l

COMPUTE PITCH
AND YAW ENGINE
DEFLECTIONS
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CONV@: This routine converts the output variables from

metric to English, or vice-versa, as required.

CONVERT THRUST
AND FLOWRATE

COMPUTE
CONVERSION FACTORS =y

' =
CONVERT H¢, R, VAM, NPC(27): O 'L =

AXB(T), ASM, VRM,
VIM, WGT, AND MASS

B CONVERT SPECTAL
FLOWRATE PARAMETERS

(NPC(l) : (D=—.
#
/ ‘ NPC(1

CONVERT CONIC
PARAMETERS

- CONVERT DOWNRANGE
AND CROSSRANGE

|
# NPC(Z()D-:_—

CONVERT ATHOSPHERIC AND 4
AEROHEATING PARAMETERS [

CONVERT HEATING
PARAMETERS FOR

[ HEATING MODEL
NPC(8D=__ .
| #

CONVERT AERODYNAMIC RETURN
PARAMETERS

CONVERT PROPELLANT N
WEIGCHT PARAMETERS
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CYCXMI: This routine initializes the program at the beginning
of each new cycle.

SET FLAGS
TO ZERO

( NPC(20) : o)—;

"

SAVE ADDRESSES
OF TABLES TO BE USEDR
AS INTEGRATION TIMES

( IS THIS THE FIRST \ YES

INTEGRATION PASS? g

o

SET THE TIME SET THE TIME

REFERENCES TO THE TO THE INITIAL
CURRENT TIME TINME

‘ 25 ’

I QUANTIZE THE ]

INTEGRATION TIME

_ |
CALL THE ROUTINES

THAT INITIALIZE

THE EQUATIONS OF MOTION
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CYCXM1: This routine updates the three time channels.

IS THIS A
NEW PHASE?
i HO

CALCULATE TIME INCRE-
MENT IN EACH TIME
CHANNEL:

a) SIMULATION TIME

b) GUIDANCE TIME

c) AUTOPILOT TIME

l

UPDATE TIME IN
EACIl TIME CHANNEL
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CYCXM2: This routine computes the next integration step-
size base upon all three time channels.

1s THIS A Y YES_
NEW PHASE?
l NO
DETERMINE IF EVENT NO
HAS BEEN REACHED

YES

INITIALIZE COUNTERS
AND FLAGS

t-‘

COMPUTE CURRENT STEP-
SIZE BASED UPON ALL
TUREE TIME CHANNELS

t

PERFORM NEAR EVENT
CYCLING FUNCTIONS

L
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DATA: This routine is not called explicitly, but presets
the program variables to their stored values at the time overlay
(2,0) is called.
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*DECK 4DATA
SUBROUTINE DATA

C*%*% DATA
c DATA - DEFINES COMPUTATIONAL COMMONS
c (TV = END) INITIAL DATA VALUES

CH*%x THE DATA STATEMENTS IN THIS ROUTINE ARE STANDARDIZED

COMMON/IV/ 1V (2)

*CALL AUTOPC
*CALL AUXVC
*CALL CONICC
*CALL CYCVC
=CALL CCONA1
=CALL DPGVC
*CALL DYNVC
*CALL INFVC
=CALL MNMMLT
*CALL HOLINC
=CALL MOTRL
2CALL MOTIC
SCALL RMOTIC
*CALL MOTVC
*CALL RMOTVC
2CALL PHZVC
*CALL RANGEC
*CALL SAUTOC
*CALL SPECAL
sCALL TGOVC
*CALL GUIDIC
*CALL GUTDVC

COMMON/Z/END/ FND

*CALL AXCALC

*CALL DYTEM
*CALL L0OCAL

COMMON/PRIDY/
1 PRO(502)

&

COMMON /GFLAGS/ IGFLAG(10)
COMMON /GVAPS / GVARS(100)

o

DIMENSTON AUTOPC(180)
DIMENSION AUXWCI(4)

DIMENSION AUXVC2(23)
DIMENSION CONICC(29)
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DIMENSION
DIMENSION
DIMENSION
DIMENSTYON
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSYON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

CCON1(10)
CCON2(10)
CCON3(10)
CCON4(10)
CCONS(10)
CCONG(10)
DPGVC1(6)
DPGVC2(27)
DYNVC1(14)
HOLIN1(43)
MNMML1(61)
MOTRL1(184)
MOTBL6(122)
MOTBL7(172)
RANGEC( 8)
RMOTIC(38)
RMOTI2(S)
RMOTV1(253)
RMOTV2(59)
MOTWC1162)
MOTVC2( 9)
MOTVC3(100)
SAUTNLI(52)
SPECAY(24)
GUIDI1(21)
GUIDI2 (10)
GUIDIA(8)
GUIDOV1(80)
LOCAL1(137)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(AUTOPC(1),AAFFP(1))
CAUXVCI(1),ALPYOT )
CAUXVC2(1),YXMN(T) )
(CONICCU(1),SEMIAX(L))
(CCOM1(1),CONI(1,1))
(CCON2(1),CON2{1,2))
(CCON3(1),CONT(1,3))
(CCON4(1),CONT(2,4))
(CCONS(1),CONT(1,5))
(CCONAG (1) 4CONY(12,6))
(OPGVCI(1),ALPHA
(DPGVC2(1),ROLI
(DYNVCI(1),NTIMR(Y)
(HOLIN1(1),ALPARG
(MNMML1(1),CADANM)
(MDTBL1(1),CST(1) )
(MOTBLA{1),IXXT(2) )
(MOTBL7(1),AYBCT(1))
(RANGEC (1) ,CRRNG )
(RMOTIC(1),DREFR(1))
(PMOT12(1),TAERCM)

- e g wge
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EQUIVALENCE (RMOTV1(1),IXX }
FQUIVALENCE (RMOTV2({1),PND(1))
EQUIVALENCE (MOTVCI(1),AMXR(Y)
EQUIVALENCE (MOTVC2(1),LONGI
EQUIVALENCE {MOTVC3(1),DFNS )
EQUIVALENCE (SAUTO1(1),HAAP(1)})
EQUIVALENCE (SPECAI(1),SPECI(1) )
EQUIVALENCE (GUIDI1(1),TIMEG)
EQUIVALENCE (GUIDI2(1),YAWPKI(1))
EQUIVALENCE (GUIDI3(1),GTIMEZ2)
EQUIVALENCE (GUIDVI(1),GNT)
EQUIVALENCE (LOCALL1(1),CALPHA )

e R

C
DATA PRO /7502%0/
DATA IGFLAG /10%0/
c
C AXCALC
C
DATA INUM /S, 24, b6y 28y 24 449 Cy 0Oy 0y 0O/
DATA NSETS /6/
DATA NVAR 769/
C
DATA GVARS /100%0/
C
DATA 1IV(2) 70/
C AUTOPC
DATA AUTOPC /1RO*0O/
C
C
c AUXVC
C
DATA AUXVC1/4%0/
DATA XMAX /10*-1.0El0/
DATA XMIN /1C* 1.0E10/
DATA AUXVC2/23%0/
c
C CONICC
C
DATA CONICC/29*%0.0 /
C
C CCONAL
C

DATA NEQY /6/

DATA HDT /0/

DATA CCON1 /2By4%0,4.0544%0/
DATA CCON2 /2B44%0,4.0544%0/
DATA CCON3 /2Ry4%*041.044%0/
DATA CCON& /2By4*0,y.05,4%0/
DATA CCONS /2By4%0,.05494%0/
DATA CCON& /2R,4%0,.,05,4%0/
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DATA DELTY /0.0

DATA DY /1.0 /

DATA DTIME /1.0 /

DATA DTM /1.0

DATA DTO /0.0

DATA ENOIS /1.E~8 /

DATA TREF /0.0

DATA IDTAB /6%

DATA IFLG /0

DATA CYCF /0

DATA DELYT /0,0 /

DATA GTIME /0.0 /

DATA ATIME /0.0 /

DATA DTG /1 .E+300/

DATA DTA /71.E+4300/

DPGVC

DATA DPGVC1/6%/ o
DATA AR 71.Cy0.0,0.0,0
DATA GB /71.0;0.0,0,0,0
DATA 1A /71.040,0,0,0,0
DATA 1B /71.0,0.,0,0,0,0
DATA 16 /71.0,0.,0,0.0,0.
DATA IL /1.0,0.0,0.0,0
DATA LB /1.040.0,0.0,0.

NDAT

1/0 0 20 20 1
2.0 ’2 91 '0 '0
3,10%0
&/

DATA OPGVC2/2 ™0/

DYNVC

DATA DYNVC1/14%0.0

HOLINC

DATA HOLIN1/43%0.0

DATA HOLEND /0/

INFVC

DATA ESNPRT/O

DATA EXTRAP,LPRNT/2%0/
DATA PINC /0.0

DATA PRNC /1WU

MNNNN NN

A IGUTID

yO

»0

00

20.0,1.0/
10.0,1.0/
20.041.0/
4 10.0,1.0/
«0,0. 0,0.090.0'!.0/
! 030.0,0.0,0.0,1.0/
,1.0'0.0,0.070.0.1.0/

v O

v O
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DATA
DATA
DATA
DATA
DATA

MNMML

FI10 /10HUD265 FILEL10H I.D. 0000/
INFF,IPRNTB, IPRNTR/3%0/
PSTOP /6HPSTOP /
TITLE /10%10H

SFID /0

T

DATA ONE

DATA

MOTBL

170,1.
290,1.
3'0,1.
490,41,
5’0'10
6'0' 1.

20

/71.0/

MNMML1 /61%C/

» Oslay
[ ] O'lo'
y Os)ey
r Nel.,
y Osdley
vy O9)ey

7’0'101 0'101

850,11,
9’0’1.
090,41,
F/

1/0,1.
290,41,
3,0,1.

v 021,
y O0y1.,
] 0'1.

» Oy1.y
v Oy1.,
v Ovley

4'0’ l.’ 0'1.’

540,1.
60,1,
790y 1

y Oyl.,
vy Oeley
/

1/031ay Oglay
2’0'1.’ 0'1.'
3'0'10' 0,1.'

490,1.

s Osley

5'0’10’ 0,10’
6,071.7 0,!.,
TeDoyley Dy1.,
890910y 04d.,
9'0'107 O,lo'

ors

MOTIC

Oyle,
Cyley
O,lo'
0yl.,
0'109
0,1.'
0'10'
Oyl.y
Crley

Oyley
Cel.s

Oyle,y

0’109
0'1. 4
0.y

Cyle,
Osley
Oyl.y
0’1.'
011.'
Osley
(IS P
Oyl.y
0'1.’

DATA ALTREF/100.
DATA LATREF/1HU
DATA LONREF/0.0
DATA AZREF /0.0

/

/

DATA MOTBL1

0’10'
Oplo'
O'lo,
0'16'
0y1.y
011-9
Osley
Orley
O,!o’

Oyl.y
Oyley
Osl.y
Osl.y
0’1.'
O'!o'
0'10’
0'1.’
Oylo'

0’1.’
O’!o'
0'109
Nyley
O’l',
Celey
Osley
091.,
09!09

DATA MOTBLS

OQIQ'

Deley
Osl.y

- Oyley

0,1.1
0’1.’
Osl.s

09].,
Os1.y
09!09
Oyio'
LU
091.0

DATA MOTBLY

Oy1le.,
N9lay
0,1.’
Oyl.,
Oyley
Oslay
Osley
Cslay
Osley

0y1.,
O'lo’
I
Oyl.,
Os).,
Osley
O’lo'
0,1.'
O'lo’

NN

Deley
Oyley
0,1.’
O'!o.
L S
A S

Osles

0’1.’
0’10

O’l.,
O’!.’
0s1ey
0,!.'
LD N
Deley
Oyley
0s1ley
0s1.,

Oyley

7QQ!O'

O0sley
0'10'
O'lo’
011-’

Osley
o,!o’
0’1.’
0'10'
0yl.y
(AN PO
04,
Nylay

Oy1.,
Dyley
Oy1.,
Dylay
0'10’
O’lo'
Oyl
Osl.,
Oylo’

Osl.,
0s).y
0,1.’
o'!.'
Oy1l.y
Oyley

0,].,
0,!01
0’1.'
O,!.'
Oy!o'
0’!.9
0y%ey
0,1.,

0'1.,
0yYey
07109
Oyle,y
011.1
0‘1.'
Oyl.,
091.9
0,1.,

Oyl.,
Oyley
O0yley
0,10'
0sl.,
0y1.,

0y1.,
0’!.'
Oyley
Oyl.y
0s1.y
Cel.,
C,l.'
Oyl.,

0,1.
091-
O,1.
0,1,
0,1.
0,1.
0,1.
0,'.
O,1.

O,1.
0,1.
O,1.
O,1.
0.1,
0,1.

O,1.
0,1,
0’1.
0'10
0'1-
0,1.
0'!-
0,1.



DATA TIMREF/0.0 /
DATA ATMOSK /1.0 ,1.0 /
DATA AZW®R /7180, /
DATA AZL /0.0 /

DATA LATL /1HU /
DATA LONL /1N /
DATA CLCDMX/0.0 /

DATA DETA /0.0 /

DATA DESNE /0.0 /
NDATA ETAPC /1.040.40.40. 7/
DATA ETA /71.0/

DATA GINT /10*%0.0 /
DATA GO /32.174 /

DATA GXP,GYP,GZP/45%0,0/

DATA HEATK /1.,17600.,26000,./
DATA ALTIT0/0.0 / \
DATA ISPV /15%1_.E11 / '
1960 FISCHER FARTH MODEL

DATA J2 /71 .0823E-3 /
DATA J3 /70 .0 /

DATA J& /0.0 /
DAYTA LREF /1.0 /
1960 FISCHER FARTH MODEL

DATA MU /714076529416 /

DATA OMEGA /7.29211E-5 /
NATA PSL /7 1HU /
DATA PWPROP/C .0 /
DATA RHOSL /.0023769 /

DATA RN /1.0 /
1960 FISCHER FARTH MODEL

DATA RE /720925741, /
DATA RP /720855590, /
DATA SREF /0.0 /

NATA TSL /1Ky /
DATA WGTSG /1.E-10 /
DATA WJETT WPLD ,WPROPI MNETICON/4*0,0/
DATA XREF /3»0.0 /
DATA AEXP /b4 /

NATA CINF 71,0 /

DATA VINFYI /.007 /

DATA TENGA /1°5%1 7/
NDATA YENGT /)5%)} /
DATA IWPF /15%0,0 /
DATA NENG /715 /

DATA NFQS /2m0,0 /

DATA NPC

1/0 vl vhH »2 v2 +0
2,0 ] v0 »0 ' 0 N
3,16%0
4/

DATA CPNXRD/O/

+0
v0

vl
0

+0
v1

+0
v O
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DAYA CPYXRD/O/

O

RMOTIC

DATA HMAMX / 1.0€20/
DATA HMEMX / 1.0E20/
DATA HMRMX / 1,0£20/
DATA AREFL /0/

DATA EREFL /0/

DATA RREFL /0/

DATA DAMAX / 1.0E20/
DATA DEMAX / 1.0E20/
DATA DPMAX / 1.0E20/
DATA DADMAX /1.0E20/
DATA DEDMAX /1.0E20/
DATA DRDMAX /1.0E20/
DATA DAMIN /-1.0€20/
DATA DEMIN /-1,0E20/
DATA DPMIN /~1.0E20/
DATA DELAAC 70/

DATA DELEAC s0/

NDATA DELRAC 0/

DATA DFPMAX /15%1.0E20/
DATA DEYMAY /15=»1 .0E20/
DATA RMOTIC /38%0/
DATA FHMAX /2%1.0F20/
DATA RMDTI2 /5+%0/

MOTVC

aleNa!

DATA MCTVC1/62%0/
DATA GCLAT /1w
DATA GDLAT /0

DATA LONG /1HU
DATA MOTVC2/9%0
DATA GCRAD /YIHU
DATA MOTVC3/100%0/
DATA ISV /7 1 /
DATA REYNC 10/
DATA VMU /07
DATA CDhA /0
DAYA €DO /0
DATA CLA /0O
DATA CLO /0
DATA CAA /0
NATA CAC /0
DATA CMA /0
DATA CMO /0
DATA CNA /0
DATA CNO /0
DATA Cw8 /0

NN,

MNN NN,
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DATA CwO /0
DATA CYB /0
DATA CYO /0

NN N

RMOTVC

DATA RMOTVY /253%0/
DATA ENGROL /15%1.CE10/
DATA RMOTV2 /59%0/

PHZVC

DATA ALTMAX/1.E20 /
DATA ALTMIN/~-5000. /

DATA MAXTIM/1.0E10 /

DATA EVTF /0

DATA FESN /100

DATA TESN,PHZF,PIF,14/4%0/

/
/

SAUTOC

DATA SAUTO1 /52%0/

SPECAL

DATA SPECA1/24x0 /
TGOVC

DATA FUXN /10%0 /
DATA PCYGO / «9 /

DATA SAVE /70«0 ' /

DATA TGO /710.0E10/
DATA TIMX,ESN/2%0/

DATA IFVNT /10%0 ’ /
DATA ISZEV /0 /
DATA NXEVT /3 / ,
DATA IS /70 /

DATA DVALUE /0/
DATA SAVET /40+0/

GUIDIC

DATA GUIDI1 /21%0/
DATA POLIDL /1.0E20/
DATA PITIDL /1.0F20/
DATA YAWIDL /1.0E20/
DATA ROLINL /-1.0E20/
DATA PITINL /-1.0E20/
DATA YAWINL /-1.0E20/
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DATA ROLIPL /1.0E20/
DATA PITIPL /1.0E20/
DATA YAWIPL /1.0E20/
DATA GUIDI2 /10%0/
DATA RAZD /-44.0/
DATA GUIDI3 /8*C/

GUIDVC

DATA GUIDV1 /80%0/

DYTEM

DATA NMAX /40 /
LOCAL

DATA LOCAL1/137*%0/

DATA ATIMEH /-~10.0E10/

DATA SFILTR /60%0/

NPC(1) FLAGS CONIC CALCULATION
NBC(2) FLAGS INTEGRATION SCHEME

NPC(3) FLAGS INITIAL VFLOCITY INPUY OPTION
NPC(4) FLAGS INITIAL POSITION INPUY OPTION

NPCI(5) FLAGS ATMOSPHERE MODFL
NPC(6) FLAGS ATMOSPHERE WINDS
NPC(7) NOT USED

NPC(8) FLAGS AERODYNAMIC COEFFICIENT TYPE

NPC(9) FLAGS FNGINE TYPE
NPC(10) NOT USED

NPC(11) FLAGS ENVIRONMENTAL INEQUALITY CONSTRAINTS
NPC(12) FLAGS CROSS AND DOWNRANGE CALCULATION
NPC(13) FLAGS PROPELLANT JETTISCN OPTICN

NPC{14) FLAGS HOLD DOWN OPTION
NPC(15) FLAGS HEATING RATE
NPC116) FLAGS EARTH MODEL

NPC(YT7) FLAGS MASS FRACTION JETTISON OPTICN

NPC{18) FLAGS TRAJECTORY TERMINATICN

NPC(19) FLAGS INPUT CONDITIONS PRINTOUT

NPC(20} FLAGS DT MODEL

NPC(21) FLAGS FLOWRATE METHOD FOR ROCKET ENGINES

NPC(22) FLAGS THROTTLING PARAMETER
NPC{23) NOY USED
NPC(24) FLAGS GENERAL INTEGRATION
NPC(25) NOT USED
NPC(26) NOT USED

NPC(27) FLAGS INDIVIDUAL ENGINE FLOWRATES

NPC(28) NOT USED
NPC(29) NOY USED

NPC(30) FLAGS WEIGHT AS FUNCTION OF TAPLE LOOKUP



YOO O

NPC(31) NOT USED
NPC(32)-NPC(34) NOT USED
NPC(35) FLAGS DIALOG GFNERATED DATA INPUT

END
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DELTU:

This is the main program of overlay (2,5).

This

routine determines the direction of search, based on the search/
optimization mode selected by user input.

CALL WUCAL
FOR PROBLENM
WETIGHTING

CALL GHAG

TO CALCULATE
GRADIENT
MAGNTTUDES

ERANCH ON SEARCH
HODE (SRCIM)

CALL SDM,
WHICH TS THE
STEEPEST~DESCENT
METHOD ’

Y

CALL Cul,

WHICH TS THE
CONJUGATE
GRADITNT METHOD

o 9

CALI. DCMP2,
WHICH IS THL
DAVTDON METHOD
ON P2

o
T T

CALL PGM,
WHICH TS THE

PROJECTED
CRADTENT

/é
K’/

[11-48

CALL UNLTDU
TOUNITTIZE THE
DIRECTION OF
SEARCH

RETURN

CALL GABDD TO
DETERMINE
TNEQUALITY
STEP-SIZE
BOUNDARTES



- DERIV: This routine updates the time references and calls the
computational routines.

TIME -~ TREFP
TIME - TREFS

!

4 )=
(NPC(Z) 4 )
#

Coi> o

TDURS

It

III-49



DERVI: This routine initializes the time references and calls
the routines to initialize the equations of motion.

= TIME - TREFP
= TIME - TREFS

MATIAL
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DGAMLA:  This routine computes the rate of change in path
angle and azimuth relative to the atmosphere.

COMPUTE INERTIAL
VELOCITY COMPONENTS
IN TIIE G FRAME

COMPUTE RATE OF
CHANGE 1IN
LATITUDE,
ALTITUDE, AND
INERTIAL VELOCITY

COMPUTI: RATE OF CHANGE
IN THE ATMOSPHERIC
RELATIVL VELOCITY

COMPUTE DVAM,
DGAMA, AND DLAMD
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DGM (G): This routine computes the direction of search based
on the Davidon deflected gradicent method and is used to minimize
a scalar-valued function whose gradient vector is given by G(I).

COMPUTE A NFW DEFLECTION
MATRIX BASED ON G(I),
GP(I), AND HESS(I)

COMPUTE TLE NEI DIRECTION
OF SLCARCII BASFED ON THE
NCW DEFLECTION MATRIX
AND THE CURRENT GRADILNT
VECTOR

STORE THE COMPUTED
DIRECTION OF SEARCIH IN
PP(J) AND THE CURRENT

GRADIENT VECTOR IN
GP (J)
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DGMPZ: This routine computes the direction of search for

minimizing P2 via the Davidon variable metric method.

;NO

INITIALIZE THE DAVIDON
METHOD USING THE
STECEPEST-DESCENT
DIRECTION

III-53



DICT: This routine is not call explicity, but maps the
variable names to core locations at the time overlay (1,0) is
called.
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*DECK

Crex
C
C

C
c

'DICY

SURROUTINE DICY

DICT

DICT - DEFINES COMPUTATIONAL COMMONS

(IV - END) DICTIONARY VALUES DATA

C***x THE DATA STATEMENTS IN THIS ROUTINE ARF STANDARDIZED

C*%% THERE MUST BE AN EVEN NUMBER OF INTEGERS IN COMMONS BETWEEN
IV AND END FOR THE UNIVAC 1108 DOURLE PRECTISION VERSION

COMMON/TIV/Z TV (2)

COMPUT ATIONAL DATA

AUTOPC
AUXVC
CONICC
CyCvC
cconal
DPGVC
DYNVC
INFVC
MNMML T
HOL INC
MOTBL
MOTIC
RMOTIC
MOTVC
RMOTVC
PHZVC
RANGEC
SAUTOC
SPECAL
T50VC
GUIDIC
GUIDVC

COMMON/END/END

COMMONS NOT

DYTEM

COMPUTY ATIONAL

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

AUTOP1(86)
AUTOP2( 94)
AUXVC1(4T)
CONICC(29)
CCOMI(10)
CCON2(10)
CCON3(10)
CCON4(10)

INCLUDETD

DATA

REGTION

I N DICTIOCNARY

DICTIONARY

ITI-55



II1I-56

DIMENSION
DIMFNSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSION
DIMENSYON
DIMENSTION
NIMENSION
DIMENSION

CCONS(10)
CCONG(10)
CYCW1(20)
DPGVC1(121)
DYNVC1{14)
INFVC1(23)
MNMML1(62)
HOLIN1(43)
MOTRLG(122)
MOTBLT( R4)
RANGEC(8)
PMOTV1I(126)
PMOTV2(126)
RMCTV3(30)
RMOTV4L(29)
MOTIC1(126)
MOTIC2(80)
RMOTIC(94)
MOTVC1(126)
MOTVC2(66)
PHZVC1(9)
SAUTNILS2)
SPECA1{24)
TCGOVC1(126)
TG0VC2(12)
GUIDI1(49)
GUIDV1(80)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(AUTOP1(1),AAFFPI(1))
(AUTOP2(1},ALPERR(]))
(AUXVC1(Y),ALPTOT )
(CONICC(1),SEMIAX(1]))
(CCONT(1),CON1(1,1))
(CCON2(1),CONT(1,2))
(CCON3(1),CON1(1,3))
(CCON4 (1) 4CONY(1,4))
(CCONS5(1),CON1(1,5))
(CCONG6(1),CONTI(1,6))
(CYCVC1(1),DELT
(DPGVC1(1),ALPHA
(DYNVC1(1),DTIMR(1)
(INFVCYUY),ESNPRY
(MNMMLL(1),ONE
(HOLIN1(1),ALPARG
(MOTBLO6E(Y ), IXXT(Y))
(MOTBLT7(1),AYBCT(Y))
(RANGEC(1),CRRNG)
(RMOTVI{1),IXX(1))
(*MOTV2(1),DEY(8))
(RMOTV3(1),PND(1))
(PMOTV4(1),CADA(Y))
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1

EQUIVALENCE (MOTIC1(1),ALTREF)
EQUIVALENCE (MOTIC2(1),1ENGA(S))
EQUIVALENCE (RMOTIC(1),HMAMX(1))
EQUIVALENCE (MOTVC1(1),AMXB(1))
EQUIVALENCE (MOTVC2(1),XI(3))
EQUIVALENCE (PHZVC1(1),ALTMAX )
EQUIVALENCE (SAUTQ1(1),HAAP(1))
EQUIVALENCE (SPECA1(1),SPECI(1) )
EQUIVALENCE (TGOVC1(1),FUXN(1) )
EQUIVALENCE (TGOVC2(1),SAVEI(29))
EQUIVALENCE (GUTDTI1(1),TIMEG)
EQUIVALENCE (GUIDV1(1),GDT)

DATA AUTOPI!
/6HAAFFPI'6HAAFFPZ.bHAAFFPB,bHAAFFYl.6HAAFFY2.6HAAFFY3,6HACCELP
1 6HACCELY ,6HAFFPY ,6HAFFP2 ,6HAFFP3 ,6HAFFY1 ,6HAFFY2 v6HAFFY3
» 6HANGAP ,6HANGAY yOHAPRLIM,6HAPPL IM , 6HAPYLIM, 6HASFFP] ,6HASFEP 2
v6HASFFP3,6HASFFY1,6HASFFY2,6HASFFY3, 6HAXEM ,&HAYRM v6HAZEM
+6HAYBC ,6HAZBC ,6HDFFR1 ,6HDFFR2 ,6HDFFR3 ,56HCKAAP y6HCKAAY
tO6HCKAP  J6HCKAY  ,6HCKASP 46HCKASY ,6HCKLAP ,6HCKLVP L6HCKLAY
16HCKLVY 6HDFFPY ,6HDFFP2 ,6HDFFP3 ,6HDFFY1 ,6HDFFY2 v6HOFFY3
+6HDISR  L6HDISP L6HDISY 2y SHDSPINT y 6HDSYINT,6HLDRLF ,6HPACCER
16HYACCER y6HPLDRL ,6HYLDRL ,6HRATR ,6HRATP ,6HRATY y6HROLRER
'6HP ITRER y6HYAWBER 6 HRBDC ,6HPRDC ,6HYBDC  ,6HROLAC ySHPITAC
1EHYAWAC ,6HRFFR1 46HRFFR2 ,6HRFFR3 ,6HRFFP1 ,6MHRFFP2 ,6HRFFP3
s6HRFFY1 ,6HRFFY2 ,6HRFFY3 y6HRRATER y 6HPRATER y6HYRATER , 6HTAUINT
y6HTAULP ,6HTAULY
/

DATA AUTOP2
/6HALPERR y 6HBETERR 3 6HENKERR y 6HALPERT 3 6HAL PHAC , 6HAXRB y6HAYRB
16HAZRB  J6HBETAFH,6HBETAH o6HBETAH? y 6HBETDH2 6 HBETDFH,6HBETDTH
y6HBLLH  ,6HCHA »SHCHE y6HCHR » 6HCKA »6HCKE s 6HCKR
y6HDADMX ,6HDEDMX ,6HDRDMX ,6HDAXB ,6HDAYB ,6HDAZB s6HDELAC
16HDELEC ,6HDELRC ,6HDELECTI,6HDELAD ,&HDELED ,6HDELRD 16HEA2
y6HEA2T L,6HEDELAH,6HEPIH ,6HEYS s 6HEYSH  ,6HEYS51 ,6HHMA
2 6HHME » 6HHMR s6HHMF1  J6HHMF2 L6HHMF3  L6HNNPJY ,6HNNRSL
v6HNNRJ2 L6HNPPJ1 ,6HNPRIL 46HNPRI2 ,6HNNYJL ,6HNNYJ2 ,6HNPYJ]
16HNPYJ2 o 6HNUDCFLy6HROLTIERy 6HYAWTIER y6HP ITTERy6HROLN  46HPITN
vOHYAWN  J6HROLP  ,6HPITP L6HYAWP L6HRLLH ,6HPITBDH,6HYAWRDH
y6HTONT  ,6HTONTD ,6HTROLN ,6HTPITN ,6HTYAWN »y6HTROLND ,6HTPITND
yOHTYAWND ,6HTROLP (6HTPITP ySHTYAWP L 6HTROLPD,6HTPITPD ,6HTYAKPD
y6HTHRSY L6HTISPYS ,6HUDCTR ,6HWDOTY sy SHWPCONJy6HYAWR ER y 6HPI TRER
y6HROLRERy6HDSPD  ,6HDSYD
/

AUXVC

DATA AUXVC]
/6HALPTOT,6HDRAG 96HLIFY L6HDGENV ,6HXMAX1 ,6HXMAX2 ,6HXMAX3
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2 6HXMAX 4L
s SHXMINI
»6HXMINS
» 6HY XMN5
» 6HY XMX 2
s 6HY XMX 9
/

XNV WUN

DATA CALNAM

CONICC

¢ EHALTP
2 6HECC AN

»6HVCIRC
/7

O NN

CCONA1

DATA
DAYA
DATA

1

2
DATA

1

?
DATA

1

2
DATA

1

2
DATA

1

2
DATA

1

2

HDY

1
2
3 y6HCYCF
4 7/

Z6HDELT

Z6HHDY
NEQI /6HNEQ1
CCONY /6HCON1]

CCON2

CCON3

CCONG

CCONS

CCONG

vSEHXMAX S
s6HXMINZ
s6HXMINO
2 6HYXMN &
2 6HYXMX 3

26HXMAX6
pEHXMINZ
y6HXMINIO
»GHYXMNT
s SHYXMX 4

2SHYXMX 10, 6HXR

/T3*6HC

Z6HSEMJAX s 6HECCEN

ALNAM/

p GHXMAXT
2 6HYMINS
P 6HYXMN Y
26HYXMNA
r EHYXMX5
»6HYR

DATA CONICC

»6HINC

+6HLAN

y6HANGMOM, 6HAPORAD y 6HAPVEL
yOHENERGY , 6HHYPVEL  6HL ANVE

/

+6HCONGL
/
/6HCON12
+6HCONG?
/
/J6HCONI3
2+ HHCONGI
/
Z6HCON14
+6HCONG A
7/
/6HCON1S
+6HCONGS
/7
/6HCON16
y 6HCONGS
/

y6HDT

+6HDELTY

/

vy 6HCON 21
p6HCONTY

s 6HCON22
2 6HCONT2

+6HCON23
y 6HCONT3

y6HCCN24
»6HCONTS

+6HCON 25
2 6HCCNTS

y6HCON26
»6HCONTS

y6HPGERAD 3 6HPGLON 46HPCVEL ,6MRTASC

» SHCONA]
y6HCONS]

y&HCON22
s EHCONR2

»6HCON33
s 6HCONB3

»6HCON3S
y6HCONBS

y6HCON3S
y 6HCONBS

y 6HCON3S
2 6HCONRS

DATA CYCV(C}
+6HDTIME 46HDTM

sGHGTIME

» 6HXMAX 8
e 6HXMINS
+ EHY XMN 2
» SHY XMNOG
v 6HY XMX &
» 6HZR

s EHARGP
» 6HARGV
s GHME AAN
¢ 6HT IMSP

»y6HCONG 1
y6HCONO]

»6HCONSG 2
P EHCONG 2

16HCONG3
26HCONS 3

26HCONG &
2y6HCONO 4

y6HCONSGS
26HCONG S

oHHCONG 6
+O6HCONG S

y6HDTO

y6HATIME ,6HDTG

DATA DPGVC]

ySHXMAX 9
t6HXMING H6HXMINT
s6HYXMN3 L 6HYXMNS
1 SHYXMN 10 ,6HY YMX 1
s GHYXMX T o, 6HYXMXA

»6HXMAX] O

y6HTRUAN L6HALTA
y6HDECLIN,6HDVCIR
y6HPERTOD y6HPGCLATY
yOHTIMTP L6HTRUNMX

y6HCONS1
v6HCON1O1

»y 6HCONS52
»6HCCN 102

»6HCONS3
»6HCON103

2 6HCONS4
s 6HCON 104

»6HCONSS5
y 6HCON10S

2 6HCONSS
+6HCON106

y6HENO1IS L6HTREF

y6HIDTABI ,6HIDTAB2,,6HINTAB3 ,6MIDTABL 6HINTABS,6HIDTARS 4 6HIFLG

2 6HDTA
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Z6HALPHA ,6HBETA » GHBNKANG, 6HALPDOT , 6HBETDO Ty 6HBNKDOT 46HAR]
26HAR2 s 6HAR3 26HABL y 6HAB S » 6HARS y6HABT? y6HARR
»6HA RO y6HGAR] s 6HGB2 y6HGB3 » 6HGES 16HGRE 16HGRE

1 6HG BT v6HGBA »6HGB O y6HTIAY s 6HT A2 +6HIA3 26HI AL
y6HIAS 16HIAL y6HIAT s6HIAR y6HT A9 »6HIB11 ,6HIBY2
+6HIB13 ,6HIR21 ,6HIB22 L,6HIR23 L,6HIB3l L6HIB32 »6HIR23

2 6HIGY 16HIG2 '6HIG3 »6HIGA »6HIGS y6HIGSH 26HIG?
v6HIGS 26HIGO p6HTL] y6HTIL 2 y6HIL3 v6HILS $6HILS
r6HIL6 y6HILY y6HILE y6HILO s 6HLB] y6HLB2 »6HLE3
v6HLBS y6HLBS 16HLBG vOMLBY s 6HLAB 16HLBO y6HIGLID ]
,6HlGUIDZ:bFHGUI03vaIGU!D4.6H!GUIDSp6HIGU106,6HIGUIDT.bHIGUIDB
,6H!GUID9,6HIGUIDI,6H!GU10196HIGUID!96HIGUIDI¢6HIGUIDI’6HIGU!DI
96HIGUIDI'6HIGUIDI96HIGU10116H!GUIDIoéH!GUID?;bHIGUIDZ96HIGUID2
y6HIGUID2,6HIGUID2,6HIGUID2,6HRCOLT  ,6HYAWI L6HPITI »6HY AWR
26HPITR 4 6HROLR  ,6HROLBD ,6HPITBD ,6HYAWBD ,6HROLID 2 6HYARID
vyOHPITID ,6HYAWRD ,6HPITRD ,6HROLRD ,AHALPBET,4HDED »6HDE1

v6HDE2 »6HDE? »6HEOD »6HEL p OHE 2 +6HE3 v6HXYOME Y
» 6HXYOME2 , 6HXYOME 3
/

DATA DYNVC1

/6HDTIMR1 4 6HDTIMR2 , 6HDTIMR3,6HDT IMR4  6HTDURP ,6HTIMES yEHTIMRE]
yOHTIMRF2,6HTIMRF3,6HTIMRF4 ,6HTREFP ,6HTREFS ,6HNDISC ,6HNPASS
/

DATA INFVC1
/6HESNPRT y6HEXTRAP 46 HLPRNT 46HPTINC o 6MPRNC  o6HFIDI  ,6HFID2
26HINFF  y6HIPRNTB,6HIPRNTR,6HPSTNP 6HTITLE1,6HTITLE2 ,6HTITLE 3
s AHT ITLEG y6HTITLES o MTITLES g 6HTTTLE 7y AHTTTLEB,6HTITLEQ J6HTITLE ]
s6HSFIDT L6HSFID?2

DATA MNMML!
/6HONE 6HCADANM,6HCADENM, 6HCADRNM o 6HC AFIN ,6HCAF2N ,6HC AF3N
16HCANM  ,6HCDDANM y6HCDDENM , GHCDDRNM o BHCDEIN L 6HCDE2N o 6HCDE? M
»6HCONM  6HCLDANM, 6HCLDENM, 6HCL PRNM , BHCLFIN 4 6HCLF2N ,6RCLF2N
16HCLNM  y 6HCLLBNM,6HCLLDAN,6HCLLDEN , 6HC LLDRN,6HCLLF IN 46HCLLERN
v6HCLLF 3N, 6HCLLPNM, 6HCLLRNM, 6HCMANM o 6HC MDANMy 6HCMDENM o 6HC MDRNH
r6HCMFIN ,6HCMF2N J6HCMF3N ,6HCMQONM o, GHCNANM o 6HCNDANM o 6HCNDENM
»6HCNDRNM 6 HONFIN 3 6HCNF2N 5 6HCNF3N o 6HCWRANM o 6HCWDANM ,6HC WDENM
s 6HCWDRNM, 6HCWFIN J6HCWF2N 6HCWE3N o, GHCWPNM ,6HCWRNM o 6HCYANY
s 6HCYDANM , 6HCYDENM, 6HCYDRNM, 6HCYFIN o 6HCYE2N o 6HCYF3N
/
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DATA HOLINI

1 /76HALPARGy6HBETARG ,6HRNKARGy6HETAARG , 6HNGF1  ,6HDGF2  L,6HDGF3
2 +6HGDERVI 6HEERVZ2 o 6HGDERV3I ,6MHIDRERVA 4 6HGDFRV 5,6 HGDERVE 46 HGDERY T
3 +6HGDERVB6HGDERVI,6HGDERVO ,6HMPNF1 o 6HMONF2 ,6HMONF3 ,6HMONX1
4 JO6HMONX2 H6HMONX3 H6HMONXS 6HMONXS o 6HMONX6 6MMONXT 6HMONXS
5 s6HMONX9 6HMONX I0,6HMONY1 ,6HMONY2 LAHMONY3 ,6HMONY 4 ,6HMONYS
6 JOHMONYS J6HMONY7 ,6HMONYE 4 6HMONYO o, 6HMONY10,6HYAWARG 36HPITARG
T +6HROLARG

g 7/

DATA IV(2) /6H* /

DATA CST /6RCSY yEHCSM /

DATA ATEMT /Z6HATEMT L6HATEMM /

DATA PREST /6HPRFST L&4HPRESM /

DATA UWWUT /6HVHUT  ,6MVHUM  /

DATA VWVY /6WVWVYT ,6HVWYM 7

DATA VWHTY /6HVWWT  6HVYHUM  /

DATA AZWT /6HAZWT  L6MAZWM  /

DATA WUWT J6HVNT p &MY EM /7

DATA YAWT /6MYAWUT ,aAMYAWM

DATA PITY /6HRITT LA6MPITR 7

DATA ROLT J6HROLT HGMRPIM  /

DATA CDY /76HCDTY P EHCTM /

DATA CLT 76MCLY 2 HHTLM 7/

DATA CAT /6HCAT ySRT AM /

DATA CNAT /6FCNAT 6N INAM  /

DATA CYBYT /O6HLYRT L6HCYBM /7

DATA CMAT /6HCMAT ,6HCMAM /

DATA CHRTY /J6HCWRT L6MHCHWABM /

NDATA XCGT  /J6HXCGT  oAMYLGM 7/

DATA YCGT /6MHYCGT o6HYCEM 7/

DATA ZCGY /6M2CGT  ,6M72CCM 7

DATA TVCIT
1/76HTVCIT L46HTVCIM LAMTVI2T L6MTVE2M Z&6HTVC3T L6HTVC3M
296HTVECAT L6HTVCLM (6HTYCST (AHTVCEM (AHTVCAT ,6HTVCHM

3o6HTVLTT ¢6HTVCTM L4HTVYLAT ,6HTVCEM LARTYCOT ,6HTVCOM
LoHTYCIOT 6HTVCIOM EHTYL I TL6HTVCIIM,6RTYLI2T ,6HTVCI2M
5y6HTVCIAT ,6HTVCIAM ENTYL 14T ,6HTVCI4M, 6HTVLIST 6HTVCISM

& 7

DATA WDIY
1/76HWDYIT  L6HWDIM  L6HWD2T L6HND2M  L6HWD3T  L,6HWD3M
2+6HUDAT  J6HWDAM  JOHWDST  LHHWDEM  LAMHDET  6HWDOM
3.6HHDTY  L6HWDTM  LAHWDBT  ,6HWDAM  LAMUDOY  L6HWDOM
4y 6HUDIOT J6HWDIOM L6HWDIIT (AHWD1IM L,ANUDIZ2T L6HWD1I2M
506HWD13T J6HWDIZM LEHHDIAT L6HWDYIAM E6HWD1ST J6HWD1SM

& 7/
DATA AEIY



1/76HAELT

2y

6HAE AT

3+6HAETY
Ty6HAELOT

Sy

6

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

6HAE13Y
/

FL17T
FL27
FL3T

ETAT
CACY
CNOT
cyor
coo7
Loy
CWOT
cMOY

XREFT
YREFY
IREFTY
DENST
HYRTT

+6HAEIM
2 6HAELM
y6HAETM
+6HAELIOM
»6HAELI3M

76HFLL1T
J6WFL2Y
J6HFL3T
J6HXREFT
/6HYREFY
/6HIREFT
/6HDENST
/6HHTRTY
J6VETAT
/6 HCADY
/76HCNOT
76HCYOT
/76HCDOY
Z76RCLOT
/76HCWOTY
/6HCMOT

DENKT /6HDENKT

y6HAE2T
s6HAEST
+6HAEAT
+6HAELTLT
»6HAEL14T

2 6HFL1IM
» GHFL 2M
s 6HFL3M
2 HXREFM
s 6HYREFM
26HZREFM
+6HDENSHM
s GHHTR T™
+6HETAM
s 6HCAOM
» 6HCNCM
2 6HCYOM
s 6HCOOM
s 6HCLOM
s 6HCWOM
» 6HCMOM
2 GHDENKM

26HAEZM
»6HAESM
+OHAESM
+6HAETIM
y6HAE14LM

~

NNNANNNNNNNNNNNNN.

»6HAE 3T
y6HAESTY
s6HAFOT
+6HAEL2Y
s 6HAELSY

yOHAE3M
+6HAEGM
yO6HAEOM
26HAE]L2M
s6HAELISM

DATA
DATA
DATA
DATA
DATA

GENVIT/6HGENVIT,6HGENVIM/
GENV2T/6HGENV2T,, 6HGENV2M/
FMASST/6HFMASST ,6HFMASSM/
ZLALPTY/6HZLALPT,6HZLALPMY/
CAIOT /6HCAICOT ,&6HCAIOM /

(e NaNe

DATA
DATA
DATA
DATA

MOODPBPOIOIBYIOVMIPUWNm

J6HIXXT

+6HIYYM

»SHCADET
v6HCAF2M
+6HCDDR T
»y6HCDF3M
y6HCLFLY
26HCLLBM

y6HCLLOM
»6HCMDETY
s 6HCMF2M
»6HCNDET
» 6HCNF2M
2 6HCWORT

WGT1T /6HHNGTILT
WGT2¥ /6HWGT2T
WGTD1T/6HIGTDLIT 6HWGTDIM/
WGTD2T/6HAGTD2Y s 6HWGTD2M/

26HIXXM

2O6HIVZT

oEHCANEM
»6HCAF3T
2 SHCDDR M
s 6HCLDAT
2 6HCLFIM

y6HHGT IM

/

DATA
POHIXYT
tOHIYZM
2 6HCADRY
vSHCAF3M
+6HCDF1T
+6HCLDAM
26HCLF2T

y6HWGT2M /

MCTRLS

yOHIXYM

p6HI22T
s 6HCADRM
2 6HCDDAT
»6HCDFIM
+6HCLDET
s6HCLF2M

yOHIXZTY

s 6HI ZZM

y SHCAFIT
» SHCDDAM
s 6HCDF2T
» 6HCLDEM
» 6HCLF3T

yO6HIXZM

y6HCADAT
2 6HCAFIM
+6HCDDETY
p6HCDF2M
p6HCLORT
y6HCLF3M

s6HIVYYT
1 6HC ADAM
¢ 6HCAF2T
16HCDDEM
26HCOF3Y
2 6HCLDRM
26HCLLRY

y6HCLLDAT ,6HCLLDAM, 6HCLLNDET s 6HCLLDEM, 6HCLLDRT ,6HCLLDRM
vOHCLLFIT 6HCLLF 1M 6HCLLF2Ty 6HCLLF2M 6HCLLF3 T 6HCLLF3M ,6HCLLOT

s 6HCLLPTY
+6HCMDEM
»6HCMF3T
+6HCNDEM
»6HCNF3T
+6HCWDR M

o6HCLLPM
»6HCMOR T
2OHCMF3M
»6HCNDRT
s 6HCNF 3M

y6HCWFLT

s6HCLLRY
y6HCMDRM
9 GHCMQTY

»6HCNDRM
s SHCWDAT
vy 6HCWFIM

»6HCLLRM
9y 6HCMFIT
2 6HC MQM

sy 6HCNFIT
» 6HCWDAM
y 6HCWF2T

y6HCMDAT
y6HCMFIM
y6HCNDAT
y6HCNFIM
y6HCWDET
»6HCWED M

+6HCMDAM
y6HCMF2T
s 6HCNDAM
s6HCNF2T
ySHCWDEM
v6HCWF3TY
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» 6HCWF 3M
s 6HCYDET
» 6HCYF2M
/

Z6HAYBCT
2 6HCKEM

2 6HCKDRTY
s SHCKRRM

s OHFYRPJIT y6HFYBP UM, 6HFZBPJIT y 6HF2BP M

s6HCWPT
+6HCYDEM
y6HCYF3T

»6HAYBCM
»6HCKRT

s6HCWPM

» 6HCWRT

y6HCYDRT ,6HCYDRM

o6HLYF3M

DATA

MOTBL?

v6HAZBCT +6HAZBCM

2 6HCKRM

y6HCKAPY

s EHCWRM
s 6HCYFL1T

» 6HCKAT
y 6HCKAPM

»6HCKDRM R6HCKDPT ,6HCKDPM ,6HCKDYT
y6HCKRPT ,6HCKRPM 4 6HCKRYT

s GHCKASYM 6 HRMPIY

26HRRJIT

»SHRR ITM

s 6HPNP JIM,6HPYJIT

»6HYRUIT
0 GHHPM
+GHYMRJTY

26HYRJIIM
+6HDPT
s 6HWMRIM

2 6HRMP M
sOHRYJIT

2 GHPMPIT
2 EHRY JIM

y6HPYJIIM H6HPRIAIT

s 6HKHT
»6HDPM
2 6HCHAT

¢ GHKHM
yOHRMR T
y6HCHAM

2 6HCHRM
/

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAYA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

GEN1T
GEN2T
GEN3T
GENGTY
GENSY
GENGY
GENTT
GENST
GENOTY
GENTOY
GEN11T
GEN12TY
GEN13Y
GEN14Y
GEN15Y
GEN16T
GEN17Y
GENIRT
GEN197
GEN20T
GEN21Y
GEN22T
GEN23Y
GEN24TY
GEN25Y

y6HCOHFLT

/6HGEN1T
/EHGEN2T
/6HGEN2T
/6HGENGTY
/EGHGENSTY
/6HGENGY
/6HGENTT
/EHGENST
/7 6HGENOY

y6HCHF IM

+yO6HGENIM
+ GHGENZM
¢ GHGENAM
s GHGENA4M
s 6HGENSM
e 6HGENGM
y6HGENTM
s OHGENAM
9 GHGENOM

y6HCHF2T

NNNN NN NN N

ZEHGENLOT s 6HCENTIOM/
JEHGENL1IT,6HGENIIMY/
Z6HGENI?2T o 6HGENI2M/
/O6HGENTI3T ,EXGENI3M/
ZEHGENILT 6HGENTAM/
Z76HGEN1ST o 6HGENIS5M/
/EHCEN16T s 6HGENT6M/
JOHGENLITTY 6HGENTITMY/
/7HHGEN] BT 4 6MGENTIBMY
/EHGENLIOT s 6HGENTOMY/
J6HGEN2OT , 6HGEN2CM/
JOHGEN21T , 6HGEN2IMY/
/7 EHGEN22T y 6HGEN22M/
/EHGEN23T  6HGEN23M/
JEHGEN24T o 6HGCEN24M/
JEHGEN2S5T o 6HGEN25M/

DELFIT/6HDELF1T,6HDELFIM/
DELF2V/6HDELF2T,6HDELF2M/
DELF3T/6HDELFAT ,6HDELF2M/
RADCT /6HRADCT
PBDCT /6HPBDCY
YBRDCT Z6HYRDCY
ROVEY /6HROVET

2 6HRRDCM /
p 6HPRDCM /
e GHYRDCM /
2 6HROVEM /

»y 6HCKRYM

y6HCYDATY
y6HCYF1IM

+SHCYDAM
26HCYF2T

» GHCK AM
s6HCKAYT J6HCKAYM
y6HCKDYM H6HCKRRT
rOHFXBP IT s 6HF XRP M

+6HCKET

s AHCKASP T L 6HCKASPM ,6HCKASYT

2 6HPMPIM

2 6HYMPYT (J6HYMPIM

2y GHPPPIIT,6HPPPJIM 6HPNPITT

s 6HPRIIM
» 6HKHDT
s GHR M R M
2 GHCHET
s 6HCHF2M

+6HYYIIT
¢ GHKHDM
+6HPMRJT
p6HCHEM
2 6HCHF3 T

26HYY JIM
+O6HHPT
26 HP MR UM
#6HCHRT
s 6HCHF3M
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

CKAAPT
CKAAYT
CKLAYT
CKLAPT
CKLVPT
CKLVYT
CPAYRY
CPAZRY
CPNXRY
CPNYRYT
CPYXRT
CPYZRT

/EHCK AAPT y 6HCK AAPM/
JEHCKAAYT s 6HCKAAYM/
JEHCKLAYT y6HCKLAYM/
Z76HCKLAPT y 6HCKLAPM/
ZE6HCKLVPT , 6HCKLVYPM/
/7 EHCKLVYT s 6HCKLVYM/
/76HCP AYRT y6HCPAYRM/
/7EHCPAZRY y6HCPAZRM/
/6HCP NXRT y 6HCPNXRM/
/6HCPNYRT ,6HCPNYRM/
/EHCPYXRT ,6HCPYXR M/
/6HCPYZRT 4 GHCPY2ZRM/

DATA MOTIC1
/76HALTREFy6HLATREF  6HLONREF 4 6HAZ REF s 6HT IMREF s 6HATMS K] 3 6HATMSK 2
y6HAZWB  ,6HAZL +6HLATL  L6HLONL  ,6HCLCDMX,6HDETA ,6HDESNE
2 6HETAPCY y6HETAPC2,6HETAPC3,6HETAPCA  6HETA y6HGINT1 L,6HGINT2
tOHGINT3 J6HGINTS L6HCINTS J6HGINTE ,6HGINTT? L6HGINTR ,6HGINTO
s 6HGINY10,6HGD 16HGXP1  y6HGXP2 ,4HGXP3  L6HGXP4 L6HGXPS
16HGXP6  y6HGXPT  J6HCXP8 6HGXPO9 o 6HGXP10 ,6HGXP11 ,6HGXP12
t6HGYP13 ,6HGXPL14 ,6HGXPIS L6HGYPY ,6HGYP2 ,6HGYP3 L6HGYP4
16HGYPS  ,6HGYPE  ,6HGYPT ,6HGYPB L6HGYP9  ,6HGYP10 ,6HGYP11
vOHGYP12 L6HCYPI3 ,6HCYP14 46HGYP1S ,6HGZP1  L6HGZP2 L6HCZIP3
26HGZIP4  y6HGIPS (6HGZP6 L6HGZPT L6HGZIP8 L6HGZP9 L,6HGZP10
16HGZP11 ,6HGZP12 ,6HGZP13 ,6HGZP14 ,6HGZP15 ,6HHEATK] ,6HHEATK 2
yOHHEATK3 ,6HALTITO,6HISPVY ,6HISPV2 ,6HISPV3 ,6HISPVS4 ,6HISPVS
r6HISPVE J6HISPYT 46HISPVR 6HISPVO ,6HISPV1O,6HISPV11,6HISPV]2
y6HISPVI3,6HISPV14,6HISPY15,6HJ2 s 6HI3 r6HI4 y6HLREF
26 HMU y6HOMEGA L6HPSL 1 6HPWPROP o 6HRHOSL 6HRN v6HRE
+6HRP 26HSREF  ,6HTSL yOHWGTSG , 6HWIETT L,6HWPLD L6HWPROPT
yOHWEICON s 6HXREF  ,6HYREF L6HZRFF ,6HAEXP L,6HCINF  ,6HVINFI
t6HIENGAL y6HIENGA2 y6HIENGA3 s 6HIENGAL y 6HIENGA S, 6HTENGAG s 6HTENGA?
/ ,

DATA MDTIC2
/6HIENGAB s 6HIENGAG s 6HIENGAL 4 6HIENGAY  6HIENGA1,6HTENGAY ,6HIENGA L
r6HTENGAL y6HIENGT1 46 HIENGT2 y 6HIENGT3 , 6HTENGT &4y 6HIENGTS y 6HTENCT 6
t6HIENGT 7y 6HIENGTA 6 HIENGTO,6HIENCTY y6HIENGT 1, 6HIENGT] 6HIENGT 2
+6HIENGTY6HIENGT1,6HIWPF1 L6HIWPF2 ,6HIWPF3 ,6HIWPF4 ,6HIWPFS
s6HIWPFE J6HTWPFT ,6HIWPFS ,6HIWPFO 6HIWPF10,6HIWPF11,6HIWPE] 2

2y 6HIWPF13,6HINPF14,6HIWPF15,6HNENG
16HNPCT  46HNPC2  L,6HNPC3 ,6HNPC4
v6HNPCB  (6HNPCO  L,6HNPC10 ,6HNPCL]
26HNPCLIS L6HNPC16 L6HNPCYT ,6HNPCIS
s 6HNPC22 ,6HNPC23 ,6HNPC24 L6HNPC25
2 EHNPC29 6HNPC30 ,6HNPC31
2y6HNPC36 , 6HCPNXRD 4, 6HCPYXRD
/

» 6HNPC32

s 6HNEQS1
» 6HNPCS

s 6KNPC12
» 6HNPCYO
» HNPC26
» 6HNPC33

o 6HNEQS 2
1 6HNPCO

#6HNPC13
+6HNPC20
y6HNPC27
y6HNPC3 4

yO6HNECS3
+6HNPC?

y6HNPCY S
y6HNPC21Y
s6HNPC28
1 6HNPC2S
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NDATA RANGEC

/6HCRRNG 5 6HDPRNG1 3 6HDPRNG2 » 6HDWNRNG o 6HX ISAV 1, 6HXTSAV2 46HX1SAV 3
»6HTRPANGE
/

DATA RMOTIC
/6HHMAMX ,6HHMEMX ,6HHMRMX ,6HAREFL 46HEREFL ,6HRREFL o&6HDAMAX
»6HDEMAX o6HDRMAX 6HDADMAX , 6HDEDMAX o 6HDPDMA Xy 6HDAMIN ,6HDEMIN
y6HDPMIN ,6HDELAAC 8HDFLEAC6HDELRAC y6HDIPM1 ,6HDIPM2 ,6HD IPM3
»6HDIPML L6HDIPMS ,6HDIPM6 ,6HDTIPM7? ,4HDIPMB ,6HDIPMO ,6HDIPM]O
y6HDIPM1Y,6HDIPM12,6HDIPMI3,6HDIPMIL , 6HD IPM1 5,6 HDTYM] ,6HD IYM2
»6HDIYM3 ,6HDIYM4 ,6HDIYM5 ,6HDIYMA ,6HDIYMT ,6HDIYMB ,6HDIYMO
y6HDIYM10,6HDIYM11,6HDIYM12,6HDIYMI3,,6HD IYM1 4,6 HDIYM15 ,6HDREFR
»6HDREFP ,4HTREFY ,G6HENGF1 ,6HENGF2 ,6HENGF3 ,6MENGF4 o6HENGFS
y6HENGES J6HENGF7 ,6HENGFB o 6HENGFO 4 6HENGF10,6HENGF 11,6HENGF1 2
»6HENGF 13, 6HENGF 14, 6HENGF 15, 6HNAUTOP y 6HNGUIDF 6HRENGY 3 6HR ENG2
s6HRENG3 ,6HRENG4 ,6HRENGS ,6HRENGS ,6HRENG7 ,6HPENGS ,6HRENGY
y6HRENG10,6HRENG 11,6 HRENG12,6HRENGI3, 6HRENG 14,6 HRENG 15 y6HFREFL 1
s 6HFREFL2 y6HFREF L3 s 6 HFHMAX 1 3 6HEHMAX2 5 6HF HMAX 3, 6HTAER OM » 6 HDTHP
y6HDPHP  6HDPSY o 6MDPHY
/

DATA MOTVC1
Z6HAMXB ,6HAMYB ,6HAMZB ,6HASM  ,6HASMG ,6HATEM  ,6HAXB
y6HAYB  46HAZB  ,6HASXT ,8HASYI L6HASZI  ,6HAXI  ,6HAYI
y6HAZT  J6HCA »6HCN »6HCD » GHCL »6HCM y6HCY
s GHCW s6HCS y6HDFVAL1,6HDFVAL2 y 6HD FVAL 3, 6HDF VL H1 4 6HDFVLH2
+6HDFVLH3,6HGAMAD ,6HAZVAD ,6HDMASS L6HHEATRT,6HDUA  ,6HDVA
+6HDWA  J6HVELAD ,6HDVHWHI ,6HDVWH2 ,6HDVWH3 ,6HETAL ,6HFAXB
y6HFEAYB  o6HFAZB  ,6HFTXP ,6HFTYP ,6HFTZB ,6HFVAL1 ,6HFVALZ
y6HFVAL3 ,6HGAMMAA ,6HGAMMAT 6HGAMMAR , SHGXT  46HCYD  ,6HG2 T
» 6HM »6HHTURR 3 6HHTURBD s 6HAZVELA y6HAZVEL 1,6HAZVELR y6HGCLAT
+6HGDLAT J6HLONG  ¢6HLONGT 56HMACH 36HMASS 6HPJETTS 6HPRES
¢ 6HPWDOT J6HDYNP  o6HQALPHA,6HTLHEAT ,6HGCRAD ,6HDENS ,6HRSC
1 6HRS y6HTHRUST,6HTIME  J6HTMXE L 6HTMYB o6HTMZB  ,6HTTMXR
s6HTTMYB L6HTTMZB ,6HTVAC ,6HU » 6HY » 6HW y6HUA
y6HVA y 6HWA yOHVELA  6HVAXI  6HMVAYT  L6HVAZI  ,6HUB
»6HVB y6HWB +6HVELT  ,6HUR y 6HVR » GHWR »y6HVELR
v6MVRXT  L6HVWRYT  L,6HVRZT  ,6HUN y 6HV W » 6HWW +6HVWXT
YOHVHYT  J6HW2T  ,6HYXT  46HVYT  ,6MVZI  ,6MWDOT  ,6HWEIGHT
yOHWIETTM,6HWPROP L6MXCG  46HYCG  ,6HZCG  46HX] S6HY T
/

DATA MOTVC2
J76MHZ1 s6HDCLV  ,6HDCDV  6HVINV  ,6HAEl  ,6HAE2  ,6HAE3
y6HAEG  J6HAES  ,6HAES  ,6HAET  L,6HAEB  ,6HAES  ,6HAEL0
y6HAEL]l  ,6HAE12 L6HAE13  L6HAE14  ,6HAELS  L6HWD1  ,6HWD?
y6HWD3  J6HWDA  L6HWDS  L6HWDA  J6HWD?  ,6HWDB  ,6HWDO
y6HWDIO L6HWDI1  ,6HWD12 L6HWDI3 ,6MHWDY4  ,6HWDIS L6HTHRI
y6HTHR2  ,6HTHR3  ,6HTHR4 ,6HTHRS ,6HTHRG6 ,6HTHR? ,6HTHRS
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y6HTHR9  J6HTHRIO ,6HTHRI1 L,6HTHR12 ,6HTHR]3 +6HTHR1 4 ,6HTHR1S
v6HISY ¢SHREYND ,6HVMU 26HCDA y 6HC DO s6HCLA e6HCLOD

2 6HC AA »6HCAD 2 6HCMA »6HCMO » 6HCNA 26HCND s 6HCWEB

s 6HC WO 26HCYB 26HCYOD

/

DATA RMOTV]
76 HT XX y6HIXY y6HIXZ 26HIYX s 6HIYY s6HIYZ 2 6HIZ X
16HIZY y6HIZZ yOHIXXD H6HIXYD L6HIXID LH6HIYXD L6HIYYD
v6HIYZD L6HIZXD L6HIZYD 46MHIZZD L6HISYM6 ,6HROLB y6HPITB
r6HYAWB  ,6HROLBDD, 6HPITBDD y 6HYAWRBDD o 6HTHRXB 1, 6HTHRXB2 , 6HTHRXE 3
'6HTHRX84,6HTHRXBS,6HTHPX86,6HTHRXB7,6HTHPXBB,6HTHRXB9,6HTHRX]0
2 6HTHRX 11 y6HTHRY 12 ,6HTHRX 13, 6HTHRX 14 3 6HTHRX 15, 6HTHRYR1 , 6HTHRYR 2
96HTHRYB3,6HTHRYB4,6HTHRYBS'6HTHPY86.6HTHRYB7,6HTHRY88,6HTHRYB9
,6HTHRY10,6HTHRY11.6HTHRY!2,6HTHRY13,6HTHRY14.6HTHPY!5,6HTHPZBl
v6HTHRIB2 ,6HTHRZ B3, 6HTHRZ B4, 6HTHRZB5 , 6HTHRZB 6y 6HTHRZBT ,6HTHRZR 8
,6HTHRZB9,6HTHRZ10,6HTHRZII,6HTHRZIZ,6HTHRZ13,6HTHRZI4.6HTHRZI5
16HROLBDR y6HPITBDR y 6HYAWRDR y6HKRDA  ,6HKRDE ,6HKRDR  ,6HKPDA
vy6HKPDE  ,6HKPDR  ,6HKYDA L6HKYDE o6HKYDR ,6HDELA ,6HDELE
v6HDELR  ,6HDELR  ,6HDLEAQ ,6HDELEQ ,6HDELRO ,6HDEP1  ,6HDEP?
y6HDEP3  ,6HDEP4  ,6HDEP5 ,6HDEP6 6HDEPT L,46HDEPS ,6HDEPYO
»6HDEP10 ,6HDEP1Y ,6HDEP12 ,6HDEP13 ,6HDEP14 ,6HDEP1S ,6HDEPCY
»6HDEPO2 ,6HDEPD3 ,6HDEPO4 ,6MDEPDS ,EHDEPD6 ,6HDEPOT ,6HDEPOR
»6HDEPO9 o6HDEPO10,6HDEPO11,6HDEPO12,6HDEPO13,6HDEPOL4,6HDEPCL S
v6HDEY1 L6HDEY2 ,6HDEY3 ,6HDEY4 L6HDEYS L6HDEY6 L6HDEY?
/

DATA RMOTV2
/6HDEYR ,6HDEY9 ,6HDEY10 ,6MDEY11 ,6HDEY12 ,6MDEY13 ,6HDEY14
'6HDEY15 ,6HDEYD1 ,6HDEYD2 ,6HDEY03 ,6HDEYD4 ,6HDEYDS5 ,6HDEYC6
1 6HDEYDT? ,6HDEYOB ,6HDEYD9 446HDEYD10,6HDEYD11,6HDEYO12,6HDEYDT 3
vy6HDEYC14,6HOEYO15,6HKRDP1 ,6HXRDP2 ,8HKRDP3 ,6HKRDP4 o6HKRLPS
»6HKPDPS o6HKRDPT ,6HKRDPS o, 6HKRDPO , SHKRDP1046HKRDP11 ,6HKRDFY 2
2 6HKRDOP13,6HKRDOP 14,6HKRDPL5,6HKPDPY ,6HKPDP2 ,6HKPDP3 ,6HKPLO4
y6HKPDPS ,6HKPDP & ,6HKPDPT 4 6HKPDPY L AHKPDPO ,6HKPDP 10 ,6HKPLPT 1
y GHKPDP12 4 6HKPDP 13, 6HKPDP 14 3 6HKPDP15 4 8HKROY1 J6HKRDY2 L6HKRNYA
yOHKRDYL 4 6HKRDYS o 6HKRDY6S o 6HKRDY? ,6HKPDYS L,6HKRDYO ,6HKRLY!O0
2y 6HKRDY11 y6HKRDY 12, 6MKRDY13 4 6HKRDY 14 o SHKRDY15,6HCHDA 4 6HCHDE
»6HCHDR  ,6HCDDE  ,6HCLDF ,L,6MCLL s 6HCYDR  ,6HCYDA L6HCYDE
16HCMDE  ,6HCWP » 6HCWR #6HCLLD  J6HCLLB  L46HCLLDR ,L,6HCLLNA
16HCLLDE L6HCLLR  ,6HCLLP L6HCDF1  ,6HCDF2 L6HCDF3  L,6HCLF)
t6HCLF2  46HCLF3  ,6HCAF1  J6HCAF2 L6HCAF3  ,6HCNF1  ,6HCNF?
s6HCNF3  J6HCYF1  ,6HCYF2  ,6MHCYF3  ,6HCMF1  ,6HCMF2  ,6HCMF3
y6HCWFY  ,6HCWF2  L6HCWF3  ,6HCLLF1 ,6MCLLF?2 sO6HCLLF3 ,6HENGRL]
sy SHENGRL2 y6HENGR L3 , 6HENGRL4 o SHENGRLS y HENGRL 6, 6HENGR L7 6 HENGRL 8
y6HENGRLOy 6HENGR 104 6HENGR 11, 6HENGR12 3 6HENGR13,6HENGR14 ,6HENGRT &
/

DATA RMOTV?
/76HPND vSHOND # 6HRND 2 6HKYDY1 o 6HKYDY2 o6HKYDY3 L6HKYDYS
1 6HKYDYS L6HKYDYS o 6HKYDYT ,6HKYDYR ,6HKYDY9 ,6HKYDY10,6HKYDY! 1
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y 6HKYDY12 4 6HKYDY 13, 6HKYDY 14, 6HKYDY15 ,6HF TTXB1,6HFTTXB2 ,6HFTTXR 3
+6HRCSMXBy 6HRCSMYR y 6HRC SMZB , 6HRC SFXR o 6HR C SFYB 4 6HRC SF 2B 46HDELF1
y6HDELF?2 L6HDELF2
7/

DATA RMOTVS
/6HCADA 6HCADE ,6HCADR 6HCDDA L6HCDDR  L,6HCLDA ,6HCLDR
»6HCMDA  ,6HCMDR'  ,6HCMO s6HCNDA  , 6HCNDE  J6HCNDR 4 6HCWDA
y6HCWDE  ,6HCWDR  ,6HIAEROH,6HCPAYR ,4HCPAZR ,6HCPNXR ,6HCPNYR
2y SHCPYXR 6HCPYZR J6HMISPY ,6HMISP2 ,6HMTSP3 L,6HMISY1 ,6HMISY2
y6HMISYI
/7

DATA PHZVC1
Z6HALTMAXy6HALTMIN 6HMAXTIM,6HEVTF  ,6HFESN  ,6HIESN  ,6HPHZF
v6HP IF yOH T4
/

DATA SAUTD}Y
Z76HHAAP  J6HHAAY  ,6HHACPY ,6HMHACP2 ,6HHACP3 ,&6HHACY1 ,6MHACY2
y6HHACY3 ,6HHDAAPY,6HHDAAP2 3 6HHDAAP3 , 6HHDAAY 1,6 HHDAAY2 ,6HHDAAY 3
s 6HHDEPAL s 6HHDSP A2 y 6MHDSPAZ y 6HHD SYAY 4 SHHNSYA 2,6 HHDSY A3 ,6 HHDSP]
rOHHOSP2 , 6HHDSP3 ,6HEDSRY ,6HHDSR2 (HHHDSR3 ,6HHDSY1 L6HHDSY2
y6HHDSY3 ,6HHLRPI ,6HMLRPO ,6HHLRYI ,6HHLRYOD ,6HHPA »6HHPD
» 6HHPR y6HHRD ySHHRR y6HHRTP1 H6HHRTP2 ,4HHRTP3 ,6HHRTR]
y6HHRTR2 J6HHRTR3 L6HHRTY1 ,6HHRTY2 ,6HHMRTY3 ,6HHSPA ,6HHSVA
2 6HHYA 26HNYD y 6HHYR
/

DATA SPECA1
J6HSPECT1y6HSPEC T2 o6HSPEC T2, 6HSPECT4L o 6HSPECTI S 6 HSPEC164,6HSPECT7
2 6HSPECIBy6HSPEC 19, 6HSPFCVY ,6HSPECVY2,4 6HSPECV I ,6HSPEC VA 46HSPECVS
s GHSPECVE s 6HSPEC VT 2 6HSPECVBy6HSPECVO 4 6HNSPEC T ,6HNSPEC2 y6HNSPEC D
2 6HNSPEC4S ,6HNSPECS 6HNTPECS
/7

DATA TGOVC1

Z76HFUXNI ¢6HFUXN2 o6HFIIXN3 ,6HFUXNG 5 6HFUXNS J6HFUXNG 6HFUXNT

2y 6HFUXNB H6HFUXNG ,6HFUXN10,6HPCTGC ,6HSAVEYl ,6HSAVE2 ,6HSAVE3

»y6HSAVESL ,6HSAVES (6HSAVES ,6HSAVET? ,6HSAVES ,6HSAVEY9 ,6HSAVELO
y6HSAVEL1,6HSAVE 12, 6HSAVEL13,6HTAVE 14, 6HSAVE15,6HSAVELS 6HSAVEL T
y6HSAVE IR y6HSAVE 19,6 HSAVE20,6HSAVE2], 6HSAVE22,6HSAVE23 ,6HSAVE2 4
y6HSAVE25 . 6HSAVE 26y 6HSAVE2T7 ,6HSAVE2B, AHSAVF20,6HSAVE20 46HSAVER ]
2y6HSAVE32 ) 6HSAVE 33 ,6HSAVE34 ,6HSAVE3S5 ,, 6HSAVE36,6HSAVE37 ,6HSAVE3P
» 6HSAVE39, 6HSAVE 4O ,6HSAVEL]Y ,6HSAVEL? , 6HS AVEL 3, 6HSAVESLL  6HSAVESLS
yOHSAVES6 y 6HSAVE 47 s 6HSAVELR  6HSAVE4LD , 6HSAVES O 6HSAVES] 6HSAVES 2
y&HSAVES3 , 6HSAVESSL (6 HSAVESS y 6HSAVESS s 6HSAVES 7,6 HSAVESB ,6HSAVESQ
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y6HSAVESO s 6HSAVE 612 6HSAVES2 s 6HSAVES3  6HS AVES 4, 6HSAVESS  6HSAVESL 6
y6HSAVELT y6HSAVE6R 4 6HSAVE6Q, 6HSAVET0 4 6HT GO yOHTIMX  L6HESN
vOHTEVNT] ,6HTIEVNT2 s 6HIFVNT3 ,6HIFYNTSG o GHIEUNT 5 ,6HIEVNT6 o6HIEVNT Y
t6HIEVNTB,,6HIEVNTO ,6HIEVNI0,6HISZEV L,6HIXEVT ,6HIS +SHDVALUE
26HSAVEIL, 6HSAVE 12 y6HSAVEI3,6HSAVETI4 , 6HSAVET 5,6 HSAVET6 ,6HSAVET 7
v6HSAVEIB ,6HSAVETI9,6HSAVI 10, 6HSAVIY1, 6HSAVI12,6HSAVII3 ,6HSAVIL4
v6HSAVIIS,6HSAVI 16,6HSAVI1T,6HSAVIIL . 6HSAVI19,6HSAVIZ20 ,6HSAVIZ 1
1 6HSAVI22,6HSAVI 23, 6HSAVI 24,4, 6HSAVI25 s 6HSAVI26,6HSAVI27 ,6HSAVIZB
/

HIOTMMOOD»

DATA TGOVC2
/6HSAVI29,6HSAVI30,6HSAVI31,6HSAVI32,6HS AVI33,6HSAVIIL ,6HSAVIZS
y6HSAVIZ6,6HSAVIIT ,6HSAVI2B,6HSAVI 29, 6HSAVILO
/

W N

DATA GUIDII

Z76HTIMEG 46HTIMEA ,6HGTIMF1,6HGVRI1 ,6HGVRI2 ,6HGVRI3 ,6HGVRI&
1y6HGVRIS5 ,6HGVRIS6 ,6HGVRI7 ,6HGVRIAR ,6HGVRI9 ,6HGVR110,6HIGF1
26HIGF2  L6HIGF3 ,6HICF&4 L6HICES  L,6HIGFS  L6HIGSTRT,6RIGINIT
»6HROL IDL y 6HPITIDL y 6HYAWIDL y 6HROLINL y 6HP ITINL 6HYAWINL 6HROLIPL
s6HPITIPL,6HYAWIPL y6HYAWPK]1 3 6HYAWPK2 , 6HROLBC ,6HPITBC ,6HYAWRC
r6HTTRANS y6HISLECT,6HISTRT L6HTLATECD y6HTLONGD36HRAZD  L6HCTIME 2
vy6HISTART 6 HPITCFY 6HPITCF2,6HPITCF3,6HP ITCF 4,6 HPITCFS 6HNPITG
/

DJOUV S WN

DATA GUIDV1

1/6HGDT y 6HADT y6HGPXI  46HGPYYI  L6HGPZI L6HGPVXI ,6HGPVY!
296HCPVZT J6HGPAXT 6HCPAYI ,6HGPAZI ,6HGALPHA ,6HGRETA ,6HGEANK
3+16HGYAWR 46HGPITR (&6HGROLR ,6HGROLY L6HGYAWI ,6HGPITI ,&HGASM
496HGPASXT y6HGPASY 1 ,6HGPASZIZ6HGTHRS T, 6HGWGT  L6HGWDOT 4 6HGVRC1
5:6HGVRC2 46HGWRC3 LEHCVRCAL 46HGVRCS 46HGVRCE o6HGVRCT? ,6HGVRCS
696HGVRCY (6HGWRCYO0,6HGLONG ,6HGVFLR L6HGGCLAT y6HGAZVR , 6HGVELTY
Ty6HGCAMARy6HGALTI To6HEGCRAD yAHCLED 4 6HGRDOT L6HGXR » 6HGYR
By6HGZR tO6HALPGC 6HBETCGC »6HBMKGC o6HROLIGC y6HYAWIGC ,6HPITICC
99y6HRIDGC 46HYIDGC H&6MPINGC 4 6HROLRDC,6HPITBDC 6HYAWRDC 3 6HALDREF
Oy86HDELAZ ,6HDRAGGC y6HDRAGRP6HLODY 4y 6HRDTREF 6 HRK2ROL  6HTRANGE

Ay6HYAWRGC y 6HP TTRGC o 6HROLRGC y 6HSLECT ,6HHP + 6HHDP » 6HVELRX
Rs8HVELRZ ,6HVEN » 6HVYENS
B/

END
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DINPT: This routine reads the previously stored input data
from the disc and locates the data for the current phase.

READ THE INPUT
DATA STORED
ON TAPE 1

INTO IGEN

Y
FIRST
PHASE?

SET THIS EVENT
NUMBER NEGATIVE
SO TIME TO GO
WILL NOT LOOK
FOR THTS EVENT

-
!

SET INDEX FOR
THE LOCATIOL OF
TEE NEUT EVLIT
NUMBER TN IGLI

\

NO TS THIS THE DATA
FOR THIS EVENT

I

y YIS

STORE THE DATA
FOR THIS EVENT IN
THE APPROPRIATE
CORE LOCATIONS
IN COMMON IV

Y

RETURHN
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DLPAPK (NAME): This routine sets the core addresses of the
variables (NAME) to be integrated into the integration list.

Dp QO T = 4,152,3

N=N+1
LISTI (N)
LISTD (N)

NAME (I-2)
NAME (I-1)

NOTE:

LISTI = INTEGRALS
LISTD = DERIVATIVES
N = NUMBER OF INTEGRALS
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DPRNG: This routine calculates the range based on the dot
product of the initial position vector of the vehicle and the

impact point vector with the oblate planet.

COMPUTE THE
CURRENT POSITION
RELATIVE TO THE
ROTATING PLANET

COMPUTE DPRNG1
AND DPRNG2

IS THE RANGE ANGLE
GREATER TIIAN 180 DEG?

COMPUTE DPRNG2Z
IN THE DIRECTION
OF VEHICLE MOTION
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DQUAT: This routine calculates the time derivative of the

quaternion parameters.

COMPUTE THE DERIV-
ATIVES OF THE
QUATERNION PARA-
METERS
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DRPP: This subroutine drops tight constraints.

N

NORMAL

REVISE LOOP

YES

ICD .EQ. O

WRITE:
*%% CONSTRAINT --- DR@PPED

TAKE ALL COMBINATTIONS
OF ACTIVE CONSTRAINTS
TO DETERMINE IF THERE
ARE ANY COMBINATIONS
FOR WHICH

NAC .LE. NINDU

m—

|

UPDATS
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DTMDL: This routine checks the user-specified tables to
ensure that the next integration step size is less than or equal
to the next time point in any of the tables,

FIND THE
TABLE ADDRESSES

CALCULATE THE

DELTA TIME TO
HIT THE NEXT

POINT IN EACH
TABLE

IF AIY OF THE
DELTAS IS LESS
THAN DELT, SET
DELT EQUAL TO
TIIE SMALLEST
DELTA TIME
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DUCAL: This is the main program of overlay (2.5), and calcu-
lates the direction of search by the method specified by SRCHM.

DELTU \S

CALCULATE DIRECTION
OF SEARCH

RETURN
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DWINDS: This routine calculates the rate of change in the
wind with respect to the altitude above the surface.

IIIIHEHIHHHHHHIIHIHIII

COMPUTE
DVWH (1)
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DYNS2: This routine integrates the equations of motion using
the predictor-corrector method.

| A

ABS (DELT - DTSAV) IF DELT WAS CHAWGED

IN CYCXM

EN@IS

{ RESTART INTEGRATION

IF A DISCONTINUITY

RESTART INTEGRATION
OCCURRED

DTSAV = DILLT
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DYUXA: This routine initializes the fourth-order Runge-Kutta
integration scheme.

AUD DISCONTINUITY

SET TIIE INTEGRATION PASS
TLAGS TO ZERO

( DERVI >
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DYNX: This routine determines which integration scheme is
to be used.
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DYNXMI: This routine selects the integration scheme to be
used.

INTEGRATION

SELECT TIE
SCIE!NE

NOTE:
DYNXA - FOURTH-ORDER RUNGE-KUTTA INTEGRATION
~ LAPLACE'S METHOD OF INTEGRATION
- ENCKE'S METHOD OF INTEGRATION
DYNXD - FOURTH-ORDER PREDICTOR-CORRECTOR INTEGRATION
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DYSI1l: This routine sets the integration list.

TURI ON TIL
GEHLERAL

INTEGRATION
VARIALLES

SET THL NUIMDLR
————— OF IWTEGRALS TO
ZERO

ZERO OUT TIIL CORL]
DDRESSES OF TIL
INTEGRALS AUD

IDCRIVATIVES

DLP@K (DYNIL)

JOTL:

N = THE NUMDIR OF INTEGRALS FOR
THE CURRENT TLASE

LISTI INTEGRALS

LISTD DERIVATIVES

TIIE LIST OF INTEGRALS

CALL DL@PK TO SET UP
FOR TIIIS PIIASE
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FANDE: This routine computes the unweighted target and op-

timization variables.

FANDE

CALCULATE THE UNWEIGHTED
CONTROL PARAMETER U(I)

Y

/ TRAJ

TRAJECTORY
GENERATOR

RETURN
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FGAMA(IS): This subroutine calculates the values of Pl and
P2 assoclated with a particular GAMA in the direction of search
by changing the controls according to the equation

U(I) = U(I) + GAMA * DU(I)

FGAMA

CALCULATE

P1TRY (1)
AND

P2TRY (1)

SET GAMAS
EQUAL TO THE

TRIAL STEP SIZE
CALCULATE

PL.IET

NO SAVL P1, P2, AID
ECI, IN ARRAY
TRAJ SAVI(I,J)

YES LA
IDEB # O %ZE6§A{
]

NO

' YES
PLZF = 0 ‘EI’

NO

TRIAL CRASH
COUNTERS

AUD LOGIC
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FPPC: This routine contains the fourth-order predictor-

corrector integration algorithm.

RESET VALULS
IF TIIS IS TIE

FIRST STEP AFTER
RESTART

TAKE FOUR RUNGE-
KUTTA INTEGRATION
STEPS TO START
AND SAVE VALUES

I PREDICT FORWARD l

CORRLCT

SHIFT DLRIVATIVL
AJD SOLUTION RECORDS
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GABDD: This routine computes the maximum step size in the
direction of search, STPHAX. STPMAX is computed as the minimum
step needed to make one of the inactive inequality constraints
become active. This prediction is based on a linearization of

the inactive constraints.

ESTIIIATE STEP SIZE
TO INACTIVL
INEOUALITY
CONISTRAINT
LOUIIDARIES

STPIIAX IS TAIEN
ENUAL TO TLE I{INIIIUM
OF ALL OF TIIESE STEP-
SIZE PARAMETERS
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GAMLAI{: This routine calculates the flight path angle and
azimuth angle of the atmospheric relative velocity vector.

COPUTE VA(I)
I0 THC G SYSTIM

COMPUTE LAIIDA
AJD GAIIA

COMPUTE SINE
AND COSINE OF
LAIDA AND GAUIA
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GCNTRL: This is a blank routine used for simulating the
hardware lags and errors associated with implementing the closed-
loop guidance steering commands.
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GENMIN: This routine finds the minimum of the function vy,
given the pairs (X, Y) and the slope at X = 0. 1If the pairs (X, Y)
are not given, then GENMIN generates these pairs automatically.

The minimization is based on approximations to the functions

that are made using quadratic and cubic polynomials. The analyti-
cally calculated minimums of these polynomials are used as esti-
mates to the actual minimum values of y.

DYDX1 > O

I¥ Y(2) IS
10T INPUT
Y(2) = FGAMA(2)

HINLIMIZE VIA
2 POINTS AID
1 SLOPE

COWVLERGED
TEST FOR
CONVILRGLICE

NOT
CONVERGED
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MINTIIZE VIA

& 3 POINTS AND

CONVERGLD

CIIECK FOR
COUVERGLNCE

BUCKET

IS INIIIUM NO

DRACZETED

MIATMIZE VIA
3 POINTS AWD

l\

Hi | NO SLOPL
CONVERGLD
CHLCK FOR
CONVLRGLUWCE

MINTIZE VIA
4 POIUTS AJD
1O SLOPE

LTCRUINE SIALLEST Y (J)]
AWD TilL. CORRLSPONDING
X(J3)




CALCULATE
FULICTIONS VALULS
FOR 3 POINTS

MINTIIZE Y VIA
4~ 3 POINTS AND MO SLOPE

TIPit

HAX = HIN
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GGUID1: This routine contains user supplied ascent guidance
equations.

GGUID1

USER SUPPLIED ASCENT
GUIDANCE EQUATIONS

RETURN
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GGUID2: This routine contains user supplied reentry guidance
equations.

GGUID2

USER SUPPLIED
REENTRY GUIDANCE
EQUATIONS

RETURN
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GMAG: This routine computes the magnitude of the gradient
vectors G1(I) and G2(I).

COMPUTE 1IAG-
JITUDE OF
G1(I)

COMPUTE MAG-
WITUDL OF
G2(1)
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GNAV: This is a blank routine that is to be used for simu-
lating the navigation equations for the closed-loop guidance system
being analyzed.
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GRAD: This routine computes the gradients of the penalty
functions (Gl and G2) with respect to the control parameters.

SET GAMAS TO 1.
AND DU(I) TO O

SET E(I),
P1, AND P2 LQUAL
TO TIL NOIMINAL
VALUES

1

INTEGRATL TIIE
TRAJLCTORY

COMPUTE G1(I)
COMPUTE THE SENSITIVITY
MATRIX ACPDB(T)

COMPUTLE G2(I)
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GRAV: This routine calculates the gravity acceleration vector.

CALCULATL TIIL

CONSTANT TERHS CALCULATE

GRAVITY
ACCELERATION
COMPONENTS

CALCULATE J2
TERMS

CALCULATE J3
TERMS

#

CALCULATE J4

TERIS
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GSENSR: This routine is to be used for simulating the inter-
face between the trajectory simulator (real world) and the guidance
sensor (hardware detected) being analyzed.

CONVIRT STIIULATOR
VALULES TO GUIDANCE-

SENSED VALUES
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HINGEM: This routine calculates the aerodynamic hinge

moments due to flap deflections,

COMPUTE HINGE MOMENTS
DUE TO AERODYNAMIC
SURFACE DEFLECTIONS
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IBMTXI: This routine calculates the IB matrix from aero-
dynamic or Luler angles. The IB matrix is used to initialize
the quaternion rate equations.

CIGUID(IZ))
i} 0

COMPUTE THE INERTIAL COMPUTE THE INERTIAL COMPUTE THE GEOGRAPHIC
TO ATMOSPHERIC FRAME TO BODY(LB) MATRIX TO BODY (GB) MATRIX
(IA) MATRIX USING R$LI,YAWI,PITI USING YAWR, PITR, R@LR

Y

COMPUTE THE INERTIAL
TO BODY (IB) MATRIX
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IBMTRX:

input.

This routine calculates the inertial-to-body (IB)
matrix, based on the guidance (steering) option selected by user

IGUID(1)

COMPUTE THE
INERTTIAL

COMPUTE TIIE
INERTIAL-TO-
ATHMOSPHERIC
(IA) VATRIX

COMPUTE THL
ATIIOSPIIERIC-
TO-BODY (AB
JATRIX

COINPUTE TIE
INERTIAL-TO-

BODY (LB)
MATRIX USING
RALI, YAUI,
PITI

COMPUTL TIE
GEOGRAPHIC-
TO-BODY
(GB) MATRIX
USING YAWR,
PITR, RPLR

COMPUTLE TIIE

(IB) HATRIX

INERTIAL-TO-BODY
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ICKTAB: This function serves as a flag indicating whether a
table was input, and if input, whether it is a constant table of
value 0.

YES
(::TABLE =0 ICKTAB = 0

lNO A
NO
———@BS(IBKT(TABLE + 1)) =D
lYES
YES
( XBKT(TABLE +2) = 0
¢NO

—>»1 ICKTAB = 1
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NWFXM: This routine performs the output data processing

functions. It also calls subroutine C@JIC, depending on the conic

calculation option requested by NUPC(1).

CONVERT TO METRIC
OR ENGLISI UNITS
IF REQUIRED

UPDATE PRINT
TIIE

PRINT TIIE
REQUESTED
PARAIILCTERS
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ITI-102 .

TII{E TO WRITE
THE PROFILE TAPE?

YES

UPDATE THE
PROFILE WRITE
TINE

WRITE THE
REQUESTED
PARAMETERS ON

TIE PROFILE TAPE

RECONVERT
TO ENGLISH

OR MLETRIC UNITS

IF REQUIRED




INFXMI: This routine determines which variables are to be
printed and which variables are to be written on the profile tape.

I HEADER (1) = TITLE(I)

LAST PRINT TLIEL
TEMP(1) = ESW * 10
ISNPRT = TEMP(1)/100

QUANTIZE THE I

[

PRINT THE INITIAL
PRNTIC —— —< CONDITIONS FOR
TIIIS PHASE

JLS [F [PE(I) = O%
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YES

IF [PE(I-1) = PST@P)]

IT [IR1 < 193]

ITI-104

e:’ 1O

CALCULATE THL NUMBER
OF LINES IN THE PRINT

BLOCK AND TIIE NUMBER OF

ENTRIES IN THE LAST LINE

‘ NRHC :

PRNC :

IQUANTIZE TIE LAST

PROFILE WRITE TIME

@) §

OR THE PROFILE TAPE

[?TTERHINE THEPARAHETERSI
F

)

FILE IDENTITFICATION

| VRITE THE PROFILL TAPE I

RETURN

_ ) CHECK PRINT LIST
TERMITATINN FLAG



INPUTX: This routine prints a summary of the input table
data. The variable LISTIN is also checked to determine whether or
not to rewind the output file, which eliminates the listing of the
input data deck.

V
>

<

REWIND 6

LISTIN = 2

LIST ALL
TABDLES TOR
EACH PHASE
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WTGRL (LIST, NUM, KEY): This routine initializes the list
of variables to be integrated. The list of variables to be in-
tegrated is called DYNIL. It contains 148 cells that are stored
in subroutine BLKDAT. There are three cells for each integrated
variable, which corresponds to a total of 49 integration variables.
The first cell indicates the total size of the array, the second
cell contains the Hollerith name of the first variable to be
integrated, the third cell contains the Ilollerith name of its
derivative, and the fourth cell contains a flag tc indicate whether
or not to integrate that variable, etc. 1If the flag is zero, the
variable is not integrated; if the flag is equal to 1, the vari-
able is integrated.

INTGRL is also used to turn the integration of variables on
or off as desired. Tor example, if NPC(1l1l) = 1, we wish to acti-
vate the inequality constraint integrations (i.e., the integration
of FVAL1l, FVAL2, FVAL3). In this case, subroutine M@PTIAL calls
INTGRL as follows to activate the integration:

CALL INTGRL (DYNIL(33), WNO3, LOl1)

where:
DYNIL(38) = the position of FVALl in the array DYWIL
103 = fixed point 3, which means that the three
integrals namely, FVAL1, FVAL2, and FVAL3,
are to be turned on, since they are in
sequence.
NO1 = fixed point 1; this means turn on the

integration of the variables. If the
argument were NOO (fixed-polnt zero),
the integration would be turned off.
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IRTBR: This routine calculates body rates from inertial
Euler angle rates.

CONVERT INERTIAL
'EULER RATES TO
BODY RATES
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ITER@: Main program of overlay (2,6).

This routine prints

out the iteration summary as required. The iteration summary con-
tains all the information relating to the search/optimization

algorithm.

PRINT OUT
NOMINAL
ERRORS

WRITE OUT
ITERATION
SUMMARY

PRINT OUT
TRIAL STEP
INFORMATION

VURITE OUT
DFDC
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vehicle.

IIT1-110

MASSP: This routine calculates the mass properties of the

NPC(30) - 1

COMPUTE VEHICLE

WEIGHT FROM
TABLE LOOK- UP

L

ﬂz,44

R

COMPUTE WEIGHT
AS MASS*G@

I COMPUTE FLOWRATE
FROM TABLE LOOK=-

Ub
COMPUTE : WEIGHT,

WEIGHT CONSUMED ,
PROPELLANT WEIGHT

COMPUTE C.G.
LOCATION

#

COMPUTE MOMENTS AND
PRODUCTS OF INERTIA

COMPUTE AERODYNAMIC
REFERENCE POINT

l

!

COMPUTE DIFFERENCE
BETWEEN AERODYNAMIC
REFERENCE POINT AND
C.G. LOCATION

COMPUTE DERIVATIVES
OF MOMENTS AND
PRODUCTS OF INERTIA

!

COMPUTE DIFFERENCE

BETWEEN ENGINE GIM=-
BAL POINT AND C.G.

LOCATION




MASTER: This is the main program of overlay (0,0). It
decides whether to read inpgt data or execute the problem.

oo e

o

INIPUT DATA

__‘___{READ AND STORE

ERRGR (INPUT PROCESSOR)

COMPUTATIONS AS

PERFORM TRAJECTORY
REQUIRED
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MINMYI: This routine initializes the targeting and optimiza-

tion parameters.
Coo )

SET INITIAL
VALUES OF
VARIABLES

l

//  WUCAL N\

CALCULATE
WEIGHTING
VECTOR
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MINMYS: This routine contains the optimization executive
logic for the various options that are available. It phases the
various iteration paths by examining various properties of the

objective function and the constraint manifolds.

INTTTALIZE ITERATION
FLAGS AND START THE
ITERATION CYCLL

INTEGRATE THE
ROMINAL TRAJECTORY

TLST FOR
CORVERGENCL

NOT CONVERGED

CONVERGED

INTEGRATE PERTURBED
TRAJECTORIES AND
CALCULATE ALL
SENSITIVITIES

\ CALCULATE THE DIRECTION
(OF SEARCH

[S THIS AN NO
OPTIMIZATION STEP?

YES

MINTMIZE THE ESTIMATED
NET COST FUNCTION, Pl

UPDATE THE THDEPENDENT
VARIABLES

[MINIMIZE TUHE CONSTRATMN1
ERROR FUNLCTION, P2

UPDATE THE TNDEPENDENT
VARIABLES
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M@NITR:

This routine determines the maximum and minimum

values of the user-specified monitor wvariables.

111-114

FIND TIE
ADDRESS OF
THE MONITOR
VARTIABLES

COMPARE THE
CURRENT VALUE
WITH THE MAXIMUM

AIlD MINIMUM VALUES

UPDATE THE
MAXIMUM AND
MINIMUM VALUES
AS RCQUIRED




MPATIAL: This routine initializes the equations of motion.

IS THIS THE FIRST
INTEGRATION PASS?

DETERMINE TLE
INITTALTIZATION
OPTION AND

COMPUTE THE
INITIAL POSITION

AND VELOCITY
PARAMETERS

INITIALIZE THE
IL MATRIX THRUST
INCIDENCE ANGLES
AND THE STATIC
TRIM PARAMETERS

COMPUTE THE
IG MATRIX
COMPUTE THE
ATMOSPHERIC WINDS
INITIALIZE THE
AUTOPILOT

CHECK FOR INERTIA
DISCONTINUITIES

INITIALIZE THE
VEHICLE WEIGHT
PARAMETERS AND
ADD DELTA VELOCITY
IF DESTIRED

INITTIALIZE THE
GRAVITY
PARAMETERS

TURN ON THE
INTEGRATION OF
THE OPTIONAL

INTEGRATION
VARIABLES FOR
THIS PHASE
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MPATI@N: This routine calculates the derivatives of the
equations of motion.

MITIGN ‘

< C@NTM )
Y

MASSP ( AERQ
Y i
( ATM@S ) ( AER@HI

)

)

o )
: )

)

AIRFM
COMPUTE ATMOSPHERIC <[ 11
RELATED VARIABLES +

* < TMOTM
( IBMTRX ) +

* =

COMPUTE AERO 4
ANGLES
* CHECK FOR
- , | | piscontinvuiTiEs
l COMPUTE VELOCITY
1 0SS DERIVATIVES
( HINGEM )

y
( AUTQPM D
L
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NPMH@PL: This routine initializes the values of all HOLLERITE
variables to the stored values.

N@MHPL

STORE THE
HOLLERITH
VALUES
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N@MINL: This subroutine runs the nominal trajectories (one
per iteration), saving core at the beginning of each phase. The
routine also calls TEST to determine if the iteration reference
has converged or failed to converge.

CALCULATE UMAG
NSTEP < MAXITR
NO

WRITE:
*%% TTERATION LIMIT

MAXITR = O

*%% TIME LIMIT
ABOUT TO BE EXCEEDED
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NFLAG # 0

NSTEP # 1

REWIND 2

REWIND 2

CALCULATE
P1N@M, P2N@M,
AND EN@M(T)

CALCULATE TEE
NUMBER OF TIGHT
CONSTRAINTS, NTC

IPRT = 77B

SETIC(N10)
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- CALCULATE THE SINGLE-PENALTY
FUNCTION

P2NgM =

PINGM + WCON * P2N@M

CALL ERR@R
(UNUSABLE NOMINAL)

IPRT = 77B
REWIND 2

SET CONVERGENCE
FAILURE FLAGS
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#LGM: This is a blank routine that is to be used for special
open-loop guidance (steering) models. The polynominal coefficients
or angular values to be used by GUID1 can be calculated in this
routine and then used by the user-selected option, based on the
IGUID array.
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PLGPM: This routine allows the guidance (steering) option
values determined by the IGUID array to be overridden if a
specified parameter test has been violated by the commanded
angle. For example, the commanded angle of attack can be
overridden if the value of QALPHA exceeds an input limit. This
allows the program to follow the limit until it is no longer
violated by the commanded angle.

CIILCK ALRODYUANIC
ANGLL OVIRRIDL
LIMITS

CLECK INERTIAL
AVGLE OVERRIDE
LIMITS

CI.ECK RLLATIVE
ANGLE OVLRRIDE
LTMITS
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PRBTR:

COMPUTL:

PERIGLE RADIUS
APOGLE RADIUS
SEMIMAJOR AXIS
ECCENTRICITY

CILEECK FOR
ELLIPTIC OR

[YPERDOLIC ORBIT

COUPUTE:
SEMILATUS RECTUM
RADIUS

CO:IPUTE
TRANSFORMATIONS
FOR ARGV, INC,
AND LAN

COMPUTL
EARTI~-CENTERLD

INCRTIAL POSITION
COMPONENTS

This routine performs the transformation from

orbital parameters to rectangular coordinates.

COITPUTE IWERTIAL

VELOCITY
JTAGIIITUDL

COlIPUTE EARTE-
CEUTERED INERTTAL
VELOCITY COMPONENTS
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OUTIT: Program of overlay (2, 6). Its function is merely to
call itero, which prints the iteration results.

ITERO

PRINT ITERATION RESULTS

'
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PAGER(N): This routine determines when a new page 1s required

prior to printing. The argument is the number of lines to be
printed.

KPUNT = ZPUNT + N

K@UAT < NLINES?

URITE NPAGL, KEADER,

JCASE

NOTE: NLINES = 48
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PAXCAL: This routine determines which variables need to be
calculated and how often in the routines AUXFM, CONIC, MONITR and
CALSPE.

PAXCAL

COMPARE PRINT REQUEST
VARTABLES WITH CALCULATION
SET VARTABLES

i

vatcn Y—25,] SET FLAG SO THAT VARTABLE
1S CALCULATED AT PRINT TIME

Y

COMPARE EVENT (CRITR), TABLE
ARGUMENTS AND MONITOR VARTABLES
WITH CALCULATION SET VARIABLES

NO
! ygs | SET FLAG SO THAT VARTABLE
MATCH | IS CALCULATED AT EACH
INTEGRATION STEP

|

r i

' YES
GRE THERE ANY MONITR VARIABLES)__

Y

SET FLAG SO THAT
MONITR IS CALLED
AT EACH INTEGRATION
STEP

Y

RETURN
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PBLACK (N): This routine generates a summary print block
for the option requested by the argument N.

PBL@CK

PRINT
PRINT VELOCITY
TRACKER
BLOCK LOSSES
BLOCK
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PGM: This routine determines the direction of search when

the projected gradient method is used.

@PT = 0
INTRYL # O
INTRBL # O

]

IS THE NUMBER OF ACTIVE
CONSTRAINTS LT THE NUMBER
OF INDEPENDENT VARIABLES

COMPUTE LEAST-SQUARES
DIRECTION OF SEARCH

COMPUTE
62(1)

IF THERE ARE
ANY ACTIVE

CONSTRAINTS
COMPUTE P2

III-128

YES
IF THE CONSTRAINTS
ARE NOT SATISFIED

NO

COMPUTE THE COSINE OF
THE SINGLE BETWEEN
G1(I) and PGL(I)
GIVEN BY CTHA

MAKE DAVIDON RESTART

TESTS ON THE PARAMETERS
ISTART, NACS, AND NAC

COMPUTE THE
PROJECTED

GRADIENT, PG1(I)

COMPUTE
RETARGETING
DIRECTION
OF SEARCH




PHZXM: This routine is the executive routine for overlay
(2,3). It controls the integration of the equations of motion
and determines whether the parameters MAXTIM, ALTMIN, or ALTMAX
have been exceeded; if they have, the trajectory is terminated.

A

IF[PIWF < MAXTII]

PHZF = 77B|
i

INFXM

RETURN
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IF[EVTF = 0]

NO

( IF[EVTF = 1] YES

(IGUID(M) s Z}L

‘ =

CLGM

IF [EVTF

NO =

DYNXM

AUXFM

y YES

( IF[EVTF = 2]

NO f

10



PHZXML: This routine is the executive program of overlay
(2,2). 1t performs the executive function for the phase initial-

ization process.

IS NPC (18)
EQUAL TO 0
FOR THIS PHASE

INTEGER THE FINAL EVENT
SEQUENCE NUMBER

INITIALTIZE THE
EQUATIONS OF MOTION

SET THE EVINT
FLAG AND THE
FIRST INITIALI-
ZATION PASS FLAG

SET THE
TRAJECTORY
TERMINATION
FLAG
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PRNTIC:

ditions for the current phase.

I11-132

NPC(19)

PRINT INITIAL
CONDITIONS AND
SEARCH/
OPTIMIZATION
INPUTS

PRINT THE INITIAL
CONDITIONS
FOR THE
CURRENT PHASE

]

This routine prints a summary of the initial con-

CHECK FOR THE FIRST
PASS; IF NOT, BYPASS
SEARCH/OPTIMIZATION
INPUT



PRAP: This routine calculates the thrust forces and moments
for rocket or jet engines. These forces and moments are computed
in the body frame.

COMPUTE THRUST FORCES
IN BODY FRAME BY
SUMMING INDIVIDUAL
GCOMPONENTS BASED UPON:
EXIT AREA, VACUUM
THRUST '

COMPU'TE THE FLOWRATE
AND PROPELLANT CON-

SUMED

COMPUTE MOMENTS
DUE TO THRUST
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PTOIC: This routine prints the targeting and optimization
initial conditioms.

=

PRINT TARGETING
AND OPTIMIZATION
INITIAL CONDITIONS

RETURN
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QHULT: This routine multiplies quaternion El and quaternion
E2 to yield quaternion 3.

COUPUTE E3,
GIVEN E1 AND
E2
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QRTATE: This routine computes the quaternion E that results
from rotating through the specified angles, ANGLE, about the speci-
fied axes, NAXIS.

COMPUTE TEMP(J), WHICH
IS THE QUATERNION FOR

ANGLE(I), AND STEMP(J),
WHICH IS THE BACK VALUE

QMULT
(STEMP, TElP, E)

IS THIS THE
LAST ANGLE?

YES
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QUAT1: This routine computes the quaternions, given the
angle of attack, sideslip, and bank angle.

TEIP = 90.

RANGLE (1) = AZL
RANGLE(2) = LATL

RANGLE (3) LANGI - L@NL

RANGLE (4) -LATC - TEMP SET UP THE
RANGLE(5) LAIMDA - — ——{ ANGLES OF
RANGLE(6) = GAMA ROTATION

RANGLE(7) SIGMA
RANGLE (8) ~-BETA
RANGLE(9) = ALPHA

CONPUTE THE
QUATERNIONS
FOR THE GIVEN
ANGLES
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QUAT2: This routine computes the quaternions, given the
local attitude angles in yaw, pitch, and roll.

RANGLE(1) = SET UP THE
RANGLE(2) = YAWI ~———{ANGLES OF
RANGLE(3) = ROTATION

QUATERNIONS
FOR THE GIVEN

{COMPUTE THE
ANGLES

QRTATE (RANGLE, NAXIS, E@)»--
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QUAT3: This routine computes the quaternions given the relative
euler angles.

QUATL3

G
|

RANGLI (1) = AZL
RANGLE (2) - TATL
RANGIE (3) = LONGI - LONL SET UP THE
RANGLE (4) = -GCLAT - 90 . —— 7 ANGLES OF
RANGLE (5) = YAWR ROTATTON
RANGLE (6) = PITR
RANGLE (7) = RPLR

¢ COMPUTE THE

- ‘ ) ___{ quatirnTONS
<::QRLATE(RANGLE,NAXIS,L@):>} Ry

‘ GIVEN ANCLES
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READAT: This routine performs the actual processing of the
input data. Subroutines RSEARCH, RGENDAT, RTBLMLT, and RTAB are
called as required to perform the actual reading of namelists
"SEARCH", "GENDAT", "TBLMLT", and "TAB'", respectively. The name-
lists are always read in a given sequence that can be terminated
at any point by setting ENDPHS = 1. The calling sequence for
reading the namelists is: RSEARCH, RGENDAT, RTBLMLT, and RTAB.

After reading each namelist, the data for that phase are
packed into one of two data buffers, depending on the type of
data being processed. The two data buffers are broken down as

follows:

1) IGEN: 1500 decimal cells of storage for all input vari-
bles except for event criteria and input tables for all
phases. The table multipliers are also stored in this
array.

2) IBKT: 1500 decimal cells of storage for the event cri-
teria and tables for all phases.

The actual storage detail is shown in Table 2. The input

variables are stored in sequence as they are read and the data
are grouped according to phase number.
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TABLE TI1I-1

CONTENTS OF DATA BUFILLERS

Location

DUFFER “IGEN"
(1500 decimal cells)

Location

BUFFER “IBKTY
(1500 decimal cells)

A

n

7 thru NGl

NG1--2

numbceyr of cclls occupiced in
IGEN

numher of cclls occupicd by
data for the Lirst phasc
(NG1)

event scquence number for the

firstL phase

address of the firsi varia-
ble following the cvent
scequence number in LGEN
value of the f{irst varia-
ble in ICEN

unuscd cell associated with
the first variable stored
in LGEN

variables stored by repecat-
ing the scquence shown in
£, 5, 6 for cach variable

s I

occupicd
sccond

numnber of cclls
by data for the
phase (NG2)

3 through
for the

rcpeat scquence
7-NG2 as before
sccond cvent

4

o]

10

11 dwu NB1

numbcr of cells occupied in
IBKT

numbecr of cells occupied by
cvent scequence data (NB1)

cvent scquence number for
the [irst phasc
cvent type for the first
phasc

cvent criteria for the first

phasc
criteria value for the first
phasc

derivative name of the
cvent criteria variable
for the first phasc

tolerance
numbor

model

unuscd ccll associated with
the cvent criteria for the
first cvent

repeat scquence 3-10 for
remaining cvents
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TABLE ITII-1

CONTENTS OF_DATA BUFFERS - CONCLUDED

Location BUFFER "IGEN" Location BUFFER "IBKT"

NBL + 1 number of cells occupied by
all tables for the first
phasce (NB2)

NB1L + 2 phasc number associated with
the first sct of tables

NB1 + 3 sizc of the first table to
be input

NBL + 4 name of the first table
(HOLLERITH)

NB1 + 5 table pointers and valucs

repecat above scquence for
cach table in the first
phasc (NB1 + 3 thru NBL + 5)

ropeat above scquence for
all phascs
(NB1 + 1 thru NB1 + 5)
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READAT

ARRAYS IGEN & IBKT

SAVE DICTIONARY ON
DISC. IV =+ END
WRITE UNIT 2

INITTALIZE MULTIPLE-
RUN FLAGS. SCORE

l INITIALIZE DATA

LAST RUN

SEARCH ON LATER

1

SET PRNT ARRAY
= 0 FOR DETERMINATION
IS ANY INPUT LATER

SET COMMON AREA
IV -+~ END TO
5H/$/$ AS KEY TO

—l

CHECK TF
FIRST PASS
FOR THIS CASE

YES

!

INITIALIZE HOLLERITH
INPUTS TO NOMINAL
VALUES

ICASE = ICASE + 1

@

RESTORE SEARCH
COMMON AND SAVE
CONTROLS FOR
MULTIPLE RUNS

!

I READ NAME LIST /SEARCH/

U——-—l

]

| —

CALL RSEARCH

;

DETERMINE WHETHER TO
EXECUTE PRESENT CASE

*YES

SAVE SEARCH COMMON
WITH LAST CONTROLS

lf NO

CONVERT INDEPENDENT
AND DEPENDENT PHASE
TO INTEGER REPRESENTATION

d

Y

d

g
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SET EVENT SPECIFICATION SEARCH FOR NOT 51i/$/$/ FROM

TO NOMINAL VALUES Iv. -+ END . IF FOUND, THEN
INSERT VALUE INTO IGEN DATA ARRAY,
ALONG WITH RELATIVE ADDRESS

Y

YES
CHECK IF END OF
QROBLEM. (ENDPHS NE.O) @ SEARCH PRNT FOR NOT
ZERO. IF FOUND, INSERT
’ NO PRNT REQUEST INTO IGEN ARRAY,

ALONG WITH RELATIVE ADDRESS

READ GENERAL INPUT DATA
- NAMELIST GENDAT -

Y INSERT NEW EVENT
NTO ARRAY.
' CUECK IF END OF éPDATéBiglNTﬁRS
PHASE (ENDPHS NE.0)
NO

)

READ TABLE MULTIPLIERS
- NAMELIST RTBLMLT -

YES

CHECK IF END YES
CONVERT EVENT NUMBERS OF PHASE @
TO INTEGER REPRESENTATION ENDPHS # O
SAVE CRITERIA NAME
SET TOLFRANCE NO

)

INSERT NEW EVENT TO
TABLE PORTION OF IRKT
DATA ARRAY. UPDATE
POINTERS

[

ADD EVENT TO
IGEN ARRAY. UPDATE
POINTERS
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800

CHECK WHETHER TO
EXECUTE THIS CASE
TIRUNF # 0

YES

PRINT '"CASE BYPASSED"

CHECK IF
END OF JOB
ENDJOB # 0O

IS THIS COMPLETELY NE
ASE? (MULTRF = 3)

;NO
NO IS THIS
FIRST CASE?

{ YES

WRITE IGEN
AND IBKT TO
DISC

READ A TABLE
- NAME LIST TAB -

DETERMINE TABLE TYPE
— CONSTANT

— MONOVARTIANT

- BIVARTANT

— TRIVARIANT

CONVERT INDICES AND
POINTERS TO INTEGER
REPRESENTATION.

CHECK TABLE DIMENSIONS.
INSERT INTO IBKT PACKED
ABLE DATA ARRAY
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TII-146

TS THERE ROOM
TO PROCESS NEXT
CASE?

CALL ERROR

FXPAND CURRUNT DATA ARRAY S
IPKT AND IGEN AT TOP TO
ALLOY FOR LAST CASE

READ IGEN AND IBKT
FROM TLAST CASE INTO TOP '
OF DATA ARRAYS IGEN & IBKT

“ET LAST VALUES OF
CONTROLS INTO DATA
} ARRAVS




FIND ADDRESS OF
EVENT CRITERIA
USED AS CONTROLS
RELATIVE TO 1V

PRINT TABLE INPUT
SUMMARY FOR CURRENT
CASE

WRITE DATA ARRAYS
RELATIVE TO IV ONTO
DISC (UNIT 1)

WERE THERE FATAL \
SEARCH ERRORS?
NO
IS THIS THE LAST
CASE, ENDJ@B # 07?
NO | '

RESTORE DICTIONARY
FROM DISC - UNIT 1

IS THIS A
SEARCH RUN?
YES

SET ADDRESSES FOR
SEARCH VARTADBLES

CALL ERROR
INPCF = 77B

SLET RELATIVE ADDRESSES FOR
INTEGRALS - CALL SREL -

| FIND RELATIVE ADDRESS
FOR PRINT REQUESTS

FIND RELATIVE
ADDRESSES OF TABLE
ARGUMENTS

UIND ADDRESS OF
TABLES RELATIVE TO
TBKT AND STORE IN IGEN

SET RELATIVE
ADDRESS OF
EVENT CRITERIA
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2020

BECiN MERGE OF CURRENT
DATA ARRAYS AND LAST DATA
ARRAYS.

ARE THERE ANY NO

WRITE MERGED
DATA ARRAYS TO
DISC (IGEN & IBKT)

YES

MORE ESNS IN
CURRENT ARRAY?

VES

1.NOK FOR ESN IN
OLD ARRAYS

NO

WAS ESN FOUND?

YES

IS ESN TO BE
DELETED?

YES

DELETE ESN IN IGEN,
IBIKT, SHRINK ARRAVS,
UPDATI. POINTERS.

{ 1S THIS CASE
TO BE SAVED?

NO

INSERT NEW EVENT
AND ASSOCIATED DATA INTO
IBKT AND TGIN

IMERGE CURRENT ESN
INPUT DATA WITH OLD
IN IGEN AND IBKT ARRAYS
UPDATE POINTERS
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REVISE: This routine determines the indices of active con-
straints that are candidates to be dropped. This is done by ex-
panding G1(1) in terms of the elements of the sensitivity matrix.
The constraint with the most negative coefficient DFDC(1) is a
candidate to be dropped.

EXPAND G1(I) IN TERMS
OF THE ROWS OF SMAT(I)
NDFDC(T) CONTAINS THE
COEFFICIENTS OF THE
FXPANSTION

CALCULATE THE SMALLEST
COEFFICIENT
STEMP = MIN (DFDC(I)})

STEMP. GE.
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RGENDA: This routine reads namelist "GENDAT" and checks
for any namelist errors.

I

I SNDPHS = 0.0

READ NAMELIST (GENDAT) I

TNPCF < O 7

CHECK TO SEE TIF
— ———¢ AN INPUT ERROR HAS

HO PREVIOUSLY OCCURRED
|
RETURN 1F
‘NMLTER (NAMER) = 0 —— ¢ NO ERROR
S 0 RRE
. HAS OCCURRED
SET ERROR FLAG IF
INPCF = -77B — —-{ AN ERROR HAS
OCCURRED

ENDPHS

ENDPRB = 07

10

END.TAB

by

< ERRPIR (NATBLIST ]".RROR))

1

[2ND
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RMPFTM:  This routine calculates the rotational accelerations
that result from the acrodynamic and the thrust moments.

COMPUTE ANGULAR
ACCELERATIONS

l
o>

< BACK@L >

|
o >
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RMOTI

This routine initializes the quaternion parameters

based upon the attitude input, and the body rates based upon the
inertial or relative Fuler angle rates,

ANGLES

ATTITUDE INITIALIZATION

ICUID(12)

RELATIVE EULER

INERTIAL EULER ANGLES ,
AERO ANGLES ANGLES
=) =1 <3
Y Y 1
COMPLUTE SINE AND COSINE .
OF AERO ANCLLES IBMTXI

<: NUAT2 :>

I '
< TUWMTXY > < QUAT3 )

'
< QUATL >

INFRTIAL EULER RATES

@ ATTITUDE RATE
INITIALIZATION

RELATIVE EULER RATES

I<UTID(18)

i?=2

COMPUTE BODY RATES
TROM INERTIAL EULER
ANGLE RATES

] -

COMPUTE BODY RATES
FROM RELATIVE EULER
ANGLE RATES

J

ITI-152
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SAVE THE INBRTIA MAiuls
FOR COMPUTINS THE
INERTIA DERIVATIVES
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RSCPRE: This routine checks MNXTRUMN, TFRUNF (i), and ISC@RE
to determine if criteria for executing the next case are met.
A history of success or failure of previous cases are packed into
TSCPRE by bit position. TRUNF is returned nonzero if the next
case 1s to be executed.

\./

HXTRUN : 2 IRUNF = 77D

# _
IFRUNF(1) : U’——/L—‘ ITXTRUN : 2 H‘ L = ISC¢RE(2)I
4
IL = ISC¢RE(2)HNXTRUN :

r"\

(1

I L = ISCQ)RE(l)]
M=1

# )

= TFRUNF (M)
IL = ISC¢RE(1)I (
[ )

|\1A§I\ TFRUNF (M) |

Y

BIT FROM L INTO K
FROM 1. INTO K

K F_r_)r“‘(K D)

RETURN

lMASK TCASE BIT

ITI-153



RSFARC: This routine reads namelist "SEARCH" and checks
for any namelist errors.

READ NAMELIST (SEARCH)
CHECK TO SEE IF

______ AN INPUT ERROR
HAS PREVIQUSLY
OCCURRED

; RETURN IF NO

OCCURRED

FLAG IF AN ERROR HAS

SET THE INPUT ERROR
OCCURRL

READ THE REMAINING
— =~ ——< INPUT NAHELISTS IF

[11-154
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RTBLML: This routine reads namelist "TBLMLT" and checks
for any namelist errors.

READ NAMELIST (TBLULT)

IF[INPCF < 0] AN ERROR HAS

CHECK TO SEE IF
PREVIOUSLY OCCURRED

ERROR HAS

RETURN IF NO
OCCURRED

NO
IF [NMLTER (NAMER) = 0]
)

{ SET ERROR FLAG

INPCF = -77B IF AN INPUT ERROR

HAS OCCURRED

IF[ENDPIS = 0.0]

NO

IF[ENDPRB = 0.0]
NO |
IF[ENDJ@GB = 0.0]

NO 7
ERR@R(NAMELIST ERROR)
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RTAB: This routine reads namelist "TAB" and checks for any
namelist errors.

READ NAIELIST (TAB)

YIS CHECK TO SEE IF AN
= [F[INPGF < O.] — — — _) INPUT ERROR HAS
_ PREVIOUSLY OCCURRED
0
w— vES {RETURN IF NO
. HAS OCCURRED
NO
, SET THE INPUT ERROR
————— { FLAG IF AN INPUT ERROR
: HAS OCCURRED
YES

I11-156

IF[ENDPIS = 0]

NO

NO

NO%




RUK: This routine contains the Runge-Kutta integration
algorithm.

L LISTI(K)
J LISTD(K)
Y2(K) = Y2(K)+FP2*DVI(J)*DELT
VI(L) = Y1(K)+FPP5*DVI(J)*DELT

YES
( IF[NDISC = 0] )——

NO

1. = LISTI(K)

_ J = LISTD(K)
G"’ @ K = UD Y2(K) = Y2(K)+FP2*DVI(J)*DELT
VI(L) = Y1(K)4+DVI(J)*DELT

. = LISIT(K)

J = LISTD(XK)

Y1(K) = VI(L)
DVI(J)*DELT
Y1(K)+FPP5*Y2(K)
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ISTI(K)

ISTD(K)

= Y1(K)+(Y2(R)+DVI(J)
*DELT) /FP6

NPASS
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RUK2: This routine performs second order Runge-Kutta inte-
gration.

1
(Eb6o K = 1,45)

Y
L = LISTI(K)

YES
(:EF [NDISC = Oj:)___ J = LISTD(K)
VI(L) = Y1(K) + DVI*0.5

NO

Y
NPAS

S =3
NDISC = 0
( DERTV ) NPASS

Y \

NPASS = 2 < DERLV
@@K=1’D NPASS = 0

y {

1

L = LIST I(K)
J = LIST D(K) RETURN
YL (K) = VI(L)

Y2 (K) = DIV (J)*DELT

VI (L) = YL(K) + Y2 (K)*0.5

©
( DERIV )
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SAVIC: This routine buffers out commons IV and IBKT, which
contain the state conditions, to file 2 at the beginning of each
phase that contains an independent control variable. This infor-
mation is used in running perturbed trajectories in the discrete-
parameter mode.

SAVE FIRST EVINT
SEQUINCE NUMBER

IS THERE A CONTROL
PARAMETER IN TNIS
PHASE?

FIND THE EARLIEST
EVENT IN TIML

WRITE OUT ALL
VARTABLES IN COMMONS
IV THRU END OF TAPT 2

IS THIS THE
FIRST LEVLUT?

WRITE OUT ALL VARTABLES
IN BLANK COMMON
ON TAPE 2

ITI-160



SCPRE: This routine sets the ICASE bit of ISCARE(1) or
ISCPRE(2) if S@LVED is + or -, respectively. No bit is set if
SPLVED = 0.

SELVED SET ICASE BIT OF ISC@RE (2)
SET ICASE BIT OF ISC@RE (1)
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SDM: This routine computes the direction of search for
minimizing P2 via the classic steepest-descent method.

SET DIRECTION OF SEARCH
IS EQUAL TO THE NEGATIVE
GRADIENT, DU(I) = - G2(I)
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SETIC (NPHASE): This routine resets the initial conditions
for the specified phase (NPHASE) equal to their nominal values.

IFIRST = 0O
IESN = 10

REWIND TAPE 2
IF NPHASE IS
THE FIRST PHASE

FIND THE DATA
FOR NPHASE ON THE DISK

READ THE DATA
FOR NPHASE INTO
IBKT
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SETIV: This routine sets the control parameters to the
desired values, based on the calculated control corrections.

ARE THERE ANY
CONTROL PARAMETERS?

SET THE CONTROL
PARAMETERS TO THE
DESIRED VALUES

RESET THE TABLE
NAMES POSITIVE;

TAB SETS THEM NEGATIVE
AS A FLAG TO INDICATE
THAT THE TABLE VALUES
WERE EXCEEDED
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SHRINK (XBKT, IX, IL, TXBKT): This routine shrinks on array
XBKT at position IX by IL words, where IXBKT is the total size of
the array.

MPVE = IX - 1

I =MJVE + I
K=J+ IL

XBKT (J) = XBKT(K)

M@VE = M@PVE + IL

III-165



TEST: This routine tests for convergence.

ARE CONSTRAINTS
SATISFIED?

IS THE PROJECTED
GRADIENT METHOD
BEING USED?

WRITE:
PROBLEM SOLVED

COMPARE U, P1, P2, and G2
WITH THEIR VALUES ON THE
PREVIOUS ITERATION TO

DETERMINE IF THE ITERATION
SHOULD CONTINUE

IF NONE OF THE KEY
VARIABLES ARE
CHANGING WRITE

***NO CHANGE IN STATE

SAVE CURRENT
VALUES OF: UMAG,
P1l, P2, AND G2MAG

ITI-166



TGPEM: This routine computes the time-to-go with the next
event for each criterion being monitored during the current phase.
The smallest value is then selected and returned to CYCXM.

¥

PICK UP ESN DATA FROM

FESN LIST FOR EACH EVENT
BEING MONITORED DURING THIS
PHASE

i

COMPUTE. DERTVATIVE OF
THE CRTITR VARIABLE

M=l M= 2
COMPUTE TIME= CRECK WIICH ODEL
T0-GO DISREGARDTNG TS REQUIRED (f = 1,2,3)
SLOPE. OF FUNCTION
M= 3

CHECK IF FUNCTION COMPUTE DT REQUIRED RTSET INITIAL CONDITIONS

VALUL TS PAST DESIRED TO REACH FUNCTION w1 o BECINNING OF LAST SThP

FUNCTION VALUL VALUE i : 2

NO
IF TGP 15 SMALLER f 15 THIS THE LAST ESN § NO
TIAN LAST TG#, THEN REPLACE 1 O
LAST VALUE _—
YES

YES .
r————GS DERTVATIVE NEGATIVE?
N YES y .
1S DERIVATIVE COMPTITE,
POSITIVE 2 TIME-TO-GO

NO

ISF.T TGH TO INFINITY l’—>®
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TGPLMI :

This routine loads array IFVNT with the addresses of

the events to be monitored during the current phase and specifies
the order in which they are to be monitored.

FIND LAST POSITION IN EVENT
LIST THAT HAS A SATISFIED ESK
AND IS A HOWROVING PRIMARY

i

LLOOK FOR ANY ROVING [ESN,
BEFORE LAST PRTIMARY, THAT IIAS
NOT BEEN SATISFIED AND ENTER
IT INTO TEVNT ARRAY.

O-1*

100 i

179

-
-

ADD FIRST PRIMARY AFTER PRESENT
TO IEVNT ARRAY

!

(I§ IT A ROVING PRTTIARY 7)—’.

YE

190 )

—{ LOOK FOR NEXT PY‘\ITIARYI

10 1S PRESENT ESN A SECONDARY @
[S PRESENT ESN A PRIMARY?
< PRESENT ESN AR 220\ T0 A ROVING EVENT ?

YES
Yy 170

YES

ARE THERE SECONDARIES TO
THIS PRIMARY?

\

K

300

C

1S NEXT ESN IN LIST A SECONDARY
THAT HAS NOT BEEN SATISFIED?

ENTER INTO IFVNT ARRAY
AND LOOK FOR ANY [1ORE

“1.CONDARIES TO PRESENT ESH

ARE THERE ANY SLECONDARILS
TO LAST SATISFIED PRTMARY
IN ESN LIST - IX1 -?

YES

ADD SECORDARY TO IEVNT
ARRAY AND LOOK FOR OTHERS

* YES

ENTER INTO IEVNT ARRAY

LOOK AT NEXT LSN

SAVE LAST VALUL OF

TIMFE, INTEGRALS, AND FUNCTTONS
TO BE !MONITORED DURING CURRENT
PHASE
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TH@TM: This routine calculates the translational acceler-
ations of the vehicle in the Earth Centered Inertial frame.

COMPUTE THE ACCELERATIONS
DUE TO THE EXTERNAL FORCES
IN THE BODY FRAME

TRANSFORM THE EXTERNAL
ACCELERATIONS TO THE

EARTH CENTERED INERTIAL
FRAME

GF (NPC (14)=9_l“35__
NO *

COMPUTE OLDOWN
ACCELERATIONS

O
CD

COMPUTE TOTAL TRANSLATIONAL
ACCELERATIONS BY ADDING THE

GRAVITATIONAL ACCELERATIONS
TO THE EXTERNAL ACCELERATIONS

¢

l COMPUTE THE SENSED

ACCELERATION MAG-
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TPIN: Main program of overlay (2, 4). This routine calls
MINMYI and PTOIC.

( TN )

If' MINMYI
INITIALIZE
TARGETING AN
OPTIMIZATION
VARIABLES

PTQIC 4‘\\

PRINT INITIAL
CONDITIONS '

RETURN
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TRAJ:

NOMINAL
TRAJECTORY?

’YES

FIRST
NOMINAL?

READ INPUTS
FOR CURRENT PHASE
|

NOMINAL
TRAJECTORY?

"YES

SAVE THE
INITTAL CONDITIONS

NO

ITI-171

SET THE INITIAL
CONTROL VARIABLES
|

INITTIALIZE THE
EQUATIONS OF MOTION
|

TARGET ERRORS

COMPUTE THE
INTEGRATE THE
EQUATIONS OF MOTION

This routine propagates a trajectory from the
beginning of the specified phase to the final cutoff condition.

LAST
PHASE?

NGO

YES

WAS TRAJECTORY
TERMINATED?

INITIALIZE THE
PROFILE TAPE

LAST PHASE TO
BE INTEGRATED?

CALCULATE
TARGET ERRORS

SET INDICES
FOR THE ACTIVE
CONSTRAINTS

COMPUTE THE
ERROR FUNCTION

I‘

]
]

TERMINATE THE
PROFILE TAPE

RETURN



TRYIT1: This routine minimizes the estimated net cost func-
tion as a function of the step-size parameter. The principal
function of the routine is to setup of the data required by
GEMNIN, where GENMIN is the routine that actually minimizes the

function.

COMPUTE CURVE-FIT
BOUNDARIES PCTCC AND
STPMAX, THE SLOPE OF
PINET, AND THE CURVE-
FIT TOLERANCE EPSA(I)

INITIALIZE THE TRIAL
STEP VARIABLES AND
COMPUTE THE FIRST
TRIAL STEP, STEP(2)

CHECK TO SEE IF
PINET IS MINIMIZED
OF IF THE NUMBER OF
ACTIVE CONSTRAINTS
HAS CHANGED

IF THE MINIMIZATION WAS
SUCCESSFUL, SAVE ALL
TRIAL STEP VARIABLES

UPDATE THE INDEPENDENT
VARTABLES

OVERLAY (2, 5)
CALCULATE RETARGET-
ING DIRECTION
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TRYIT2: This function minimizes the constraint error
function P2.

COMPUTE CURVE-FIT
BOUNDARIES AND
CURVE-FIT TOLERANCES

o— MTINIMIZES P2
GENMIN

CHECK TO SEE IF
P2 1S MINIMIZED

P2 < P2MIN

CONSTRAINTS HAVE
NOT BEEN SATISFIED,
SO SET THE CON-
VERGENCE FAILURE
FLAGS IHADIT AND
INTRBL
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TSPXM: This routine is the main program of overlay (2, 0)
and controls the overall operation of the trajectory simulation
routines.

IV(1) = 1VsSzZ

HEATK(2) = HEATK(2)/(CMPFT*%*2)
HEATK(3) = HEATK(3) *CMPFT
RUASL = RUPSL/CHEHS

SCRHM : 0
RUN A SINGLE
] TRAJX ““"{ TRAJECTORY
RUN SEARCH/
MINMYS &~ P—m———mmmmm b —¢ OPTIMIZATION
TRAJECTORIES
RETURN

IT11I-174

¥
RE = RE*CMPFT
. RP = RP*CMPFT
- MU = MU*CMPFT#%3 CONVERT STORED
G = GP*CMPFT ——|DATA FROM ENGLISH

TO METRIC UNITS

)



UNITDU: This routine unitizes the control correction
vector and computes the magnitude of the control correction vector.

COMPUTE A UNIT
VECTOR IN THE

DIRECTION OF
SEARCH DU(I)
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UPDATS: This routine updates the sensitivity matrix by

deleting those rows that can be dropped.

The routine also com—

putes the projection matrix PRAJ(I) and the error map matrix in
subroutine PGM to determine the direction of search.

DELETE FROM ACHB (1)
THE ROWS CORRESPONDING

CONSTRAINTS. THIS DETER-
MINES THE CURRENT

CALCULATE PR@J(I),
EMAP(I), AND PG1(I)

CALCULATE THE MAGNITUDE
PGL(I) AS PGIMAG

TO THE INACTIVE INEQUALITY

SENSITIVITY MATRIX SMAT(I)
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UPN@M: This routine updates the nominal values of the
independent variables according the direction of search DU(I)
and the step size GAMAS.

UPDATE U(I) AS
U(I)= U(I)+GAMAS*DU(I)
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WGTINI: This routine initializes the vehicle's weight for the
current phase and adds the specified delta velocity if requested
by user input.

SAVE FLAGS
FOR PRNTIC

DETERMINE THE
PROPELLANT AND
WEIGHT TO BE
JETTISONED BASED
ON NPC(13)
AND NPC(17)

CALCULATE THE
INITIAL WELGHT
FOR THIS PHASE

ADD DELTA VELOCITY
AND RECOMPUTE THE
INITIAL WEIGHT

ERRPR (1OH MASS, 1OH.LE. 0.0)
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WINDS: This routine calculates the components of the wind
velocity vector in the Earth-centered inertial coordinate system.

COMPUTE
GEOGRAPHIC
WIND VECTOR

COMPUTE
GEOGRAPHIC
WIND VECTOR
FROM COMPONENT
TABLES

FROM AZIMUTH
AND SPEED TABLES

TRANSFORM WIND
VECTOR FROM
GEOGRAPHIC TO
INERTIAL COORDINATES
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WUCAL: This routine calculates the weighting matrix for the
independent variables.

NSTEP # 1
INTRYL # 0
NINDV = O

HO

CALCULATE
G2MAG

( BRANCH ON M@DEW ’

PERCENTAGE
WETGHTING
SENSTTIVITY
WETFHTING
SCALE:
GRADTENT U(1) , PERT(D)
WETCHTING GL(T), G2(T).
PGL(I), J(I1J),
AND UMAG
L.EAST-SOUARES
WEIGHTING
. RETURN
LOGARTTIIMIC
WEIGHTING
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XRNGEl: This routine calculates the downrange and crossrange
distances, based on relative great circles.

NPC(12)

COMPUTE DELTA
LONGITUDE FOR
RELATIVE RANGE

COMPUTE DELTA
LONGITUDE FOR
INERTTAT, RANGE

COMPUTE DELTA
ANGLES FOR
CROSSRANGL &
DOWNRANGE

COMPUTE AVERAGE RADIUS
BETWEEN INITIAL AND
PRESENT LOCATIONS

COMPUTE CROSSRANGL
AND DOWNRANGE
DISTANCES
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IV, SERVICE ROUTINES

The following service routines are used to perform arithmetic
tasks that are used frequently throughout the program.

ABT (A,B,C,L,M,N): This routine computes matrix C given
matrices A and B, the dimensions of A (L. by M), and the dimen-
sions of B (M by N) as matrix A times the transpose of matrix B.

ABXT: This dummy routine is used to force the loading into
the memory region of overlay (0,0) several system routines.

ANGLE2 (X,Y,ALPHIA): This routine computes the angle ALPHA,
in degrees, between vectors X and Y. ALPHA is measured counter-
clockwise from X to Y and can range from 0 to 360 deg.

ANGV2 (A,B,REF): This function computes the angle from unit
vector A to unit vector B about the reference vector REF, where
A,B and REF are unit vectors.

ATANH (A): This function returns as the hyperbolic arc-
tangent of A.

ATAN3 (A,B): This function computes the angle, from O to
2 pi radians, whose arc-tangent is A over B.

BTW (B,W,D,L,M,N): This routine computes matrix D as the
transpose of matrix B times matrix W, where L, M, and N are the
dimensions of matrices B and W.

BUCKET (X,Y,N,XX,YY,NP): This routine rearranges an array
X and the corresponding elements of Y in ascending order. N is
the number of elements in each array. NP is a pointer indicat-
ing the first element of Y that is less than the next element.
NP is zero if it does not exist, The ordered arrays arc return-
ed as XX and YY.

CONVOl: This routine integrates first order linear differ-
ential equations using the convolution integration technique,

CUBMIN (A,XMIN,YMIN): This routine evaluates a cubic poly-
nomial coefficients (A), and recturns the minimum values of the
function (YMIN) and the corresponding value of the argument
(XMIN).

DIGDIF (M,N,NDIF): This routine finds the number of differ-
ent digits (NDIF) between M and N, where M and N are base~-10
numbers.,
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EPHEM (DATE, GULIE, GHA, RAS, DECL): This routine computes
the Greenwich hour angle, and the right ascension and declination
of the sun given the month/day/year date and the floating point
julian date from 1950.0.

ERR@R (I,J): This routine writes an error message and deter-—
mines if it is fatal or nonfatal. I and J are Hollerith words.
If the first letter in I or J is blank, the error is fatal; other-
wise it 1s nonfatal,

EXPN(IBKT,IX,IK,IXBKT): This routine moves the contents of
IBKT from IXBKT down IL locations, and shifts the contents of TIBKT
from IX down IL locations. IXBKT is the last occupied cell in
IBKT.

EXPN (IBKT,IX,IL,IXBKT): This routine moves the contents of
IBKT from IXBKT down IL locations, and shifts the contents of IBKT
from IX down IL locations. IXBKT is the last occupied cell in
TBKT.

F@PMIN (X,U,XMIN,YMIN,IERR): This routine calculates the
minimum of a polynominal based on four ordered pairs (X,U). The
abscissa value that minimizes this cubic polynomial is returned
as XMIN and the corresponding ordinate value is returned as YMIN.

FORMIN (CENJUL, GULIEl, RANUT): This routine computes the
duration of the right ascension of the Sun given the true Julian
Century and the Julian date.

GENTABE (TABLE): This function is the general table interpo-
lation routine, where TABLE is the location of the table in IBKT.
This routine replaces the functions TAB, BTAB and TRITAB used in
previous versions of POST6D.

INVM(A,N): This routine inverts an N by N matrix A and re-
turns A as the inverse.

LDRL: Service module load relief filter employed by the gen-
eral analog autopilot.

MATPY (A,B,C,L,M,N): This routine multiplies matrix A by
matrix B to produce matrix C, where A is an L by M matrix and B is
a M by N matrix. Thus, € is an L by N matrix.



MOTAB (XS,X,N1,N2,LIMIT): This function performs the bracket-
ing of the independent argument XS. X is the first independent
value of the table, N1 is the increment to the next largest inde-
pendent value of table, N2 is the location of the last point used
from table, and limit is the last point in table.

MTRXM (A,B,C): This routine multiplies matrix A by the trans-
pose of matrix B to form matrix C, where A, B, and C are 3 by 3
matrices.

MTRXTV (AT,V,W): This routine multiplies the transpose of
matrix A by vector V to form vector W, where A is a 3 by 3 matrix
and V and W are 3 by 1 vectors.

MTRXV (A,B,C): This routine multiplies a 3 by 3 matrix A by
a vector B, and returns the answer as C.

PAD (A,B,MPD): This routine determines the delta X that pro-
duces the most precise derivative without losing significance in
being rounded off.

Argument Calls Call
1 to (n-1) n
A f(X) X
B f(X+ X) Dummy
MOD 0 1

PALY (N1,C@FI,ARGL): This function evaluates a polynomial
of degree N1 with coefficients C@FI as a function of ARGIL.

PPT (P,C,M,N,S): This routine computes matrix C as matrix
P times the transpose of matrix P, where P is an M by N matrix
and S is a scalar that must be set to zero in the calling program.

PQl: This routine calculates the necessary constants for
the convolution integration technique.

QUADMN (A,XMIN,YMIN,MINFLG): This routine determines the
minimum point of a quadratic polynomial, where A(K) is the coeffi-
cient of the (K-1)th degree term in the quadratic polynomial, XMEN
is the minimum Abscissa value, YMIN is the minimum ordinate value
and MINFLAG is set nonzero when a minimum does not exist.
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SERCH (I,IV): This routine locates the address of variable
I (Hollerith) with respect to the beginning of the common reference.

SP (X,Y,N): This function computes the scalar product of two
N-dimensional vectors X and Y.

SREL (LIST): This routine locates the addresses of the vari-
ables in the array LIST, where LIST is constructed as follows:

NAMEL,NAME2, X, ,
NAME3,NAME4,X2,
NAMES,NAME6,X3,
The routine is also used to find the addresses of the derivatives
and their corresponding integrals.

SUN (AJP, ARA, DEC): This routine computes the right ascen-
sion and declination of the Sun.

SYMATS (A,S,B,M,N): This routine multiplies matrix A times
the upper triangular symmetric matrix S and stores the result as
matrix B. All matrices are stored by columns, and the dimensions
are MXN.

SYMSTA (S,A,B,M,N): This routine multiplies the upper tri-
angular symmetric matrix S times matrix A and stores the result
as matrix B. All matrices are stored by columns, where the matrix
dimensions are MXN.

THPM (X,Y,XMIN,YMIN): This routine fits a quadratic poly-
nomial through three points. It returns the minimum of this poly-
nomial as YMIN and the minimizing value of X as XMIN.

THPPSM (X,Y,DYDX1,XMIN,YMIN): This routine fits a cubic poly-
nomial using three points and the slope of the function. The
routine returns the minimum of the polynomial as YMIN and the min-
imizing value of X as XMIN.

TPPHSM (X,Y,DYDX1,XMIN,YMIN): This routine fits a quadratic
polynomial using two points and the slope of the function. It re-
turns the minimum of the function as YMIN and the minimizing value
of X as XMIN.
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D = the array containing the table to be inter-

polated.
N(1) = number of x's
N(2) = number of y's
N(3) = number of z's
N(4) = type of interpolation
N(5) = type of x's
N(6) = type of y's .
N(7) = type of y's

N{8) thru (20)
= pointers for the last used point on the table.
X*,Y*,Z2% = wvalues of the table arguments

VCR@PSS (A,B,C): This routine computes the vector cross-
product, C, between two three-dimensional vectors A and B.

VDAT (X,Y): This function computes the dot product between
two three-dimensional vectors X and Y.

VUNIT (X,XBAR,XMAG): This routine computes the magnitude,
ZMAG, and unit components XVAR, of a 3-dimensional vector X.

ZWASHF (EOUTH, EIN, EINH, TAU): This routine computes the
S/S+T filter using the Z-transform, assuming a triangular hold.

ZEROM (A,M,N): This routine zeroes the M by N vector A.
ZLAG (EOUTH, EIN, EINH, TAU): This routine computes the

§%? filter using the Z-transform, assuming a triangular hold.
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V. DEFINITION OF INTERNAL FORTRAN SYMBOLS

This section presents the symbols used internally in the
program. Most variables in the program are located in COMMON to
conserve core locations. Certain variables are local variables to
a specific routine. These types of variables are not shown in
this list but are presented along with the flow chart for that
routine in the flow chart section. Variables that are either in-
put or output variables are defined in Volume II.

Mathematical symbols are presented for each variable where
applicable. The common that contains the variable is also shown,
along with a definition of the variable and the routine that de-
fines it.




DEFINITION OF INTERNAL FORTRAN SYMBOLS

FORTRAN
SYBMOL

- G

AB(I)
12199

ACOB(1I)
1=1,625

ARLT)
1=1,15

CNPI(]I)
I=1,40

CTHAT

CYCF

DELY

DG(T)
I=!’25

DFVLHI{T)
I=193

MATH
SYMBOL

COMMON

DPGVC

SEARC

MOTVC

DYTEM

SEARC
cycvc

LOCAL

cycvce

SEARC

MOTVC

MOTVC

DEFINITION/SUBROUTINE

THE TRANSFORMATICN MATRIX FROM
THE ATMOSPHERIC RELATIVE SYSTEM
YO THE BNDY SYSTEM/ IBMTRX

THE JACOBIAN OF THE CONSTRAINT
VECTOR/ GRAD

THE TABLE LNOK-UP VALUE OF EXIT
AREA FOR ENGINE 1/ PROP

CORRECTED SOLUTICN IN THE FOURTH
DRDER PREDICTCR-CCRRECTCR
INTEGRATION FCPMULA/ FOPC

COSINE OF CONEPS(1)/ TEST

CYCLING FLAG SUCH THAT IF =C, THIS
IS A DERTVATIVE PASS WITH DELT=0/
CYCXMI, CYCXM2

THE ELEMENTS OF THE D VECTOR USED
TC COMPUTE THE QUATERNION RATES/
GUID2

CURRENT INTEGRATION STEP SIZE/
CYCXM

THE DIFFERENCE BETWEEN THE COST
GRADIFNT ON TwWO SUCCESSIVE ITER-
ATIONS/ DGM

THE HISTORY VALUES OF THE FUNCTIONAL
INEQUALTITY CONSTRAINT DERIVATIVFS
MCTION

THE TABLE LCOK-UP VALUE OF FLOWRATE
FOR ENGINE 1/ PROP



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTR AN MATH
SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE
DPR - SERVC DEGREES PER RADIAN CONVERSION
FACTOR/ BLKDATY
DTIME - cycve THE DERIVATIVE OF TIME, 1.F., 1.0
DTO - cycvc THE INTFGRATINN STYEP SIZF IN THE
CURRENT PHASE/ CYCXM]
DTSAV - DYTEM THE LAST INTEGRATION STEP S12E.
USED TO CHECK FOR CHANGES IN STEP
S1IZE WHEN USING THE PREDICTOR-
COPRECTNR FORMULA/ DYNS2
DXP (1) - LOCAL THE THRUST MDMENT ARM OF ENGINE I
DYP(I) MASSP
D2P(1)
I=1,15
DXR({1I) - LOCAL THE AERODYNAMIC MOMENT ARM/ MASSP
1=1,3
DYNTLI(Y) -~ DYNTL AN ARRAY WHICH CONTAINS THE
I=1,223 INTEGRALS, DERIVATIVES, AND A
FLAG FOR FACH VARTABLE TO INDICATE
WHETHER TIT IS 70O BE INTEGRATED/
BLEDAY
EA(]) - SEARC THE ERROR VECTCR FOR THE ACTIVE
I1=1,25 CONSTRAINTS/ PGM
EMAP(]) - SEARC THE TRANSFORMATION THAT DETER-
I=1,625 MINES THE DIRFCTION OF SEARCH FOR
CONSTRAINT SATISFACTYION/ UPDATS
ENOIS - cycvce A SMALL NUMRFR USFD AS A TOLERANCE
TEST
ENOMI ) - SEARC THE NOMINAL TARGET ERRORS/ NOMINL
I=1,25
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DEFINITION OF INTERNAL FORTRAN SYMROLS (CONTD)

FORTRAN MATH
SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE

EPSALI) - SEARC THE STEPSIZE CONTROL FOR THE ONE-
I1=1,4 DIMEMSTONAL MINTMIZATICN RCUTINE,

I.E.y UPPER AND LOWER BOUNDS AND
CURVEFIT ERROR TOLERANCES/ FGAMA,
TRYIT1, TRYIT2

ESN - TGOVC THE CURRENT EVENT SEQUENCE NUMBER
DINPT

ESNPRT - INFVC THE CURRENT EVENT SEQUENCE NUMBER
FOR PRINTOUT/ INF XMI

EVNT(I) - REDAY THE EVENT SEQUFNCFE NUMBER AND

I=1,8 CRITERTA ARRAY/ READAT

EVTF - PHZ VC EVFNT FLAG/ PHZIXMI
=0, NOT AN EVENY
=1y ON MINUS SIDE OF AN EVENT
=2y ON PLUS SIDE COF AN EVENT

EXTRAP - INFVC THE VALUE COF TIME WHEN THE LAST
PROFIL TIME SLICE WAS WRITTEN.
USED TO COMPUTF THE PRCFIL WRITE
INTERVAL/Z INFXM

FPP5 - SERVC FLOATING POINT NUMBER = .5

FPOO - SERVC FLOATING POINY NUMBFRS Oylyeeserl5

FP15

FP60 - SERVC FLOATING POINT 60

FP9O - SERVC FLOAYING PCINT 90

FP180 - SERVC FLOATING POINT 1RO

FP270 - SERVC FLOATING POINT 270
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FORTRAN MATH

SYsMOL SYMBOL COMMON

FP360 - SERVC

FUXN(T) - TGOVC
I=1,10

GAMAS S - SEARC

GAMAX - SEARC

GB(1) - DPGVC
I=l,9

GCON(Y) - LOCAL
I=1,3

GP(I) - SEARC
I=1,25

GSQOoLD - SEARC

HDG (1) - SEARC
I=1,25

HEADER(Y) -~ INFIC
I=1,10

DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

DEFINITION/SUBROUTINE

- ———

FLOATING POINT 260

THE HISTCRY VALUES OF THE CRI-
TERIA VARTAPLES CURRENTLY REING
MONITORED/ TGOEN

THE STEPSIZE FOR THE NON-UNITIZED
DIRECTION OF SEARCH/ TRYITI1

THE MAXIMUM STEPSIZF ALLOWFD
CCNSIDERING THE INACTIVE
INEQUALTITY CONSTRAINTS, AND
THE MAXIMUM ALLOWED PERCENTAGE
CHANGE IN THE CCONTROL
PARAMETERS/ TRYIT1

THE TRANSFORMATION MATRIX FROM
THE GEQOGRAPHIC SYSTEM TO THE BODY
SYSTEM/ IBRMTRX

CONSTANTS USED BY GRAV IN
COMPUTING THE GRAVITATIONAL
PCTENTIAL/Z MOTTAL

THE COST GRADIFNT ON THE PREVICUS
ITERATION/ PGM, DGM, DGMP2

THE SQUARE OF THE GRADIENT MAGNI-
TUDE ON THE PREVIQUS ITERATION/
CGM

THE ESTIMATE CF THE HESSIAN
MATRIX GENERATED TN THE DAVIDON
ALGORITHM/ DGM

THE TITLE YO BF PRINTED OUT AT THE

TOP OF EACH PAGE/ INFXMI



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTRAN MATH

syamot SYMBOL COMMON

HEATC - LOCAL

HESS(I) - SEARC
I=1,325

TodoeKel oM ~ SERVC

JA(I) - DPGVC
I=',9

TACS(T) - SEARC
l=1125

IBKT(I) - BLANK
1=1,24000

IBTC(I) - OVRLY25
1=1,25

ICASE C - MUL TRC
1CD - OVRLY25
JCGM - SEARC
1DAV - SEARC

DEFINITION/SUBROUTINE

. . . S G S . SV - —

CONSTANT USED IN AERQO HEATING
CALCULATICN/ MOTIAL

THFE APPPOXIMATION TC THE HESSIAN
MATRIX GENFRATFD IN THE DAVIDON
ALGORITHM/ DGM, DGMP2, PGM

INTEGFR VARIABLES FOR TEMPORARY USE

TRANSFORMAT ION MATRIX FRCOM PLANET
CENTERED INFRTIAL TD ATMOSPHERIC
RELATIVE FRAMF/ TBMTRX

THE SAVED VALUES OF THE SUBRSCRIPTS
OF THE ACTIVE CONSTRAINTS/ TRYIT)

A DATA BUFFER WHICH CONTAINS THE
EVENT CRITERTA AND THE TABLE INPUT
DATA/ READAT, DINPY

A COMBINATION OF ACTIVE CCONSTRAINTY
INDICES USED 7O DETERMINE IF SOME

CONSTRAINTS CAN BE MADE INACTIVE/

DROP

CURRENT CASE (PROBLEM) NUMBER/
READAY

INDEX OF THE ACTIVE CCNSTRAINT
WHICH WAS DROPPED/ REVISE

A FLAG TD INDICATE THAT INITIAL-
I2ATION MUST BE DONE IN THE
CONJUGATE GPRANIENY ROUTINE (CGM)
IF TCGM IS NON-2EPQ/ DELTU

NNT USED.



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTRAN
SYRMOL

IDENT(I)
I=1,9

IDTAB(I)
I=l'5

IDX

IENTY

TERRX

IESN

IEVNT (1)

I=1,10

IFLG

IFRST

IG(1)
131,9

IGEN(T)

I=1,2500

COMMON

o

SERVC

cycve

REDATY

REDAT

REDAT

PHR2VC
TGOVC
cycveC
REDAT

DPGVC

GENRL

DEFINITION/SUBROUTINE

THE IDENTITY MATRIX (3X3)/ BLKDAT

ADDRESSES OF THE TABLES THAT ARE
TN BRE USED IN COMPUTING THE
INTEGRATION STEP SIZF DURING

THE CURRENT PHASE/ CYCXM, DTMDL

INDEX USFD IN READAT TC MERGE
MULTIPLE RUN DATA/ READAT

CURRFNT ESN BEING MATCHED DUR ING
GENERATION OF MULTIPLE RUN DATA/
READAY

USFD TO SAVE FATAL ERROR FLAG
BEFORE EVALUATING NON-FATAL
ERRQORS/ RFADAT

THE INITTIAL EVENT SEQUENCE NUMBER
DINPT

THE ARRAY OF EVENT LOCATIONS
CUPRENTLY CEING MCONITCRED/ TGOEMI

A FLAG USED 70 INDICATE THAT AN
EVENT HAS BEEN INITIATED/ CYCXM

A FLAG TO INDICATF THAT THIS 1S
THE BECGINNING OF A PRORLEM/ RFADATY

THE TRANSFORMATION MATRIX FROM THF
PLANET CENTERED INERTIAL TO THE
GEOGRAPHIC SYSTEM/ MOTION

A DATA BUFFFR WHICH CONTAINS THE
GENERPAL INPUT PATA/ RFADAT, DINPTY



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTRAN  MATH o
SYBMOL SYMBOL  COMMON DEFINITION/SUBROUTINE

. — w—— -

IHADIT - SEARC A FLAG WHICH IS SET TO 1 IF THE
PRCGRAM CCULD NOT CET TARGETED ON
THE LASTY OPTIMIZATION STEP/ TRY1T

TRY1T2

1T - REDAT USED AS INDEX AND COUNTER DURING
DATA PRCCESSING IN READAT/ READAT

LIy - DPGVC THE TRANSFORMATION MATRIX FRNM THE

I=1,9 PLANEY CENTERED INERTTAL TO THE
LAUNCH INERTTAL SYSTEM/ MOTIAL

IMAX - SEARC THF LAST PHASE NUMRER OF DEPPH(I)

' AND OPTPH TC OCCUR IN TIME/ MINMYS

IMIN - SEARC THE FIRST PHASE NUMBER OF CEPPHI(I
AND OPTPH TO QCCUR IN TIME/ MINMYS

IMLT - READAT POINTS TO THE BEGCINNING CF LABELED
COMMON MNMMLT IN INV/READAY

IMULTY - MUL TRC SIZE OF GENERAL DATA RECORD SAVED
FCP MULTIPLE RUNS/ READAY

IN - MULTRC CURRENT INPUT AND OUPUT FILE FOR

10 " MULTIPLE RUN — FLIP FLOPS BETWEEN
3 AND &4/ PCADAY

IND(Y) - OVRLY25 COMBINATION OF CONSTRAINTS

1=1,25 SELECTED BASED ON CCMRINATORIAL
PROCEDPURES/ COMBRINE

INFF - INFVC A PRINT FLAG WHICH FORCES A PRINT
WHEN SET NONZERC/ PHIXM

INIT - DYTEM A COUNTER IN PREDICTOR-CORRECTCR
TC START THE ALGDRITHM/ DYNXE,
DYNS2

ol



DEFINITION OF INTERNAL FORTRAN SYMROLS (CONTD)

FORTRAN MATH
SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE

————— ——— - e - —— - -~ —

INSRT L - READAY FLAG USED TO INDICATE IF A TABLF
HAS BEEN INSERTED FOR THE CURRENT
PHASE BEING PROCESSED IN MULTIPLE
RUN PORTION OF READAT/ READAY

INTRBL - SEARC A FLAG Y0 INDICATE THAY THE PROGRAM
COULD NOT GEY TAPGETED ON THE
CURRENT OPTIMIZATION STEP/ TRYIT2,
TEST

INTRY} - SEARC A FLAG T0 INDICATE THAT OVERLAY
(245) IS TO ®F CALLED WHEN SET
NON~-ZERO/ TRYITI!

IOPT - SEARC A FLAG WHICH IS SET NON-2FRQ TO
INDICATE THAT THERE WERE N0 PREV-
INUS OPTIMIZATION STEPS/ TRYITY

IPRY - GENIC A FLAG WHICH SUPPRESSES THE TRAJ-~
ECTORY PRINTOUT WHEN SET TO ZERO/
MINMYS

IPRNTB - INFVC THE NUMBER COF FULL PRINT LINES IN

THE PRINT BLOCK/ INFXM

IPRNTR - INFVC THFE NUMBER OF REMAINING PRINT
VARIABLES IN THE LAST LINE THAT IS
NOT FULL/Z INFXM

IRANGE - AUXVC A FLAG TO INDICATE THAT THE RANGE
CALCULATION HAS BEEN INITIALIZED/
AUXFMI

IREVDY - CENIC REVISION DATE PRINTED AT THE

BEGINNING OF EACH PUN IN READAT/
BLKDATY
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DEFINITION OF INTERNAL FCRTRAN SYMBOLS (CONTD)

FCRTRAN
SYBMOL

MATH
SYMBOL

TRUNF

IR1(1)

ISCORE(]I)
I1=1 '2

1SFLG

ISTARY

1STC (2}
I=1,25

ISTOP(?)
I=z1,4

ISZBLK

ISZEV

I1S12

V-10

COMMON

READAY

SERVC

MUL TRC

SEARC

SEARC

OVRLY25

SEARC

MULTRC

TGOVC

READAY

DEFINITION/SUBROUTINE

FLAG USED TO INDICATE 1F CURRENT
CASE 1S 7D BE BYPASSED. IRUNF=0O
IMPLIFS CASF WILL RE BYPASSED/
READAT

A TEMPORARY REUSABLE ARRAY

WORDS IN WHICH SUCCESS OR FATLURE

OF RUNS ARF PACKED/ RSCCORE

FLAG WHICH INDICATES THAT THIS
IS A RESTART ITERATION FOR THE
DAVIDNN CPTION/ RSEARCH

A FLAG TO TINDICATE THAT THE
DAVIDON ALGORITHM IS 70O BRE RE-
STARTED 1F SET NON-~ZERO/ TRYIT1,
PGM

INDICES OF THE SAVED RIGHT
CONSTRAINTS/ DROP

AN ARRAY TO INDICAYE HOW THE
CURRENT PRORLEM TEPMINATED/
NCMINAL, TEST

1STOP{1}=778, PROBLEM SOLVED
ISTOP(2)=T778y ITERATION LIMIT
ISTOP(3)=77B, NO CHANGE IN STATE
ISTOP(4)=77B, TIME LIMIT

SI2F OF SFARCH CATA RECORD SAVED
FOR MULTIPLE RUNS/ READAY

THE NUMRFR OF EVENTS BREING
MONITORED/ TCOEMI

THE SIZE OF THE TABLF CURRENTLY
BEING STCORED IN IBKT/ READAT

i



FORTRAN
SysaMnL

1sv

1TC(2)
1=1,25

ITERF

1VS2

IWTFLG

IXBKT

IXXH(2)

I1=1,9

IXE

IXEVG

IXEVY

IXEVT

DEFINITION CF INTERNAL FORTRAN SYMBOLS (CONTD)

MATH
SYMBOL

COMMON

- g a—

MOTVC

SEARC

SEARC

SERVC

SEARC

READAT

LOCAL

READAY

RFADAT

READAT

TGOVC

DEFINITION/SUBROUTINE

A POINTER TO THE LASY POINT USED
IN THE ATMOSPHEPE TARLFE LOCK-UP/
ATMOS 2

THE INDICES OF THE TIGHY INEQUAL-
ITY CONSTRAINTS/ NOMINL, REVISE,
DRCP

A FLAG TO INDICATE THF TYPE OF
ITERATION STEP/ MINMYS

=0y TARGETING ONLY

=1y OPTIMIZATION ONLY

=2y TARGETING AND OPTIMIZATION

THE SIZE OF THE CCMPUTATIONAL
COMMON REGION (END-1IV 1)/ RFDAT

A FLAG TO INDICATE THAT THE
DEPENDENT AND INNEPENDENT
VARTARLES ARE WEIGHTED OF
UNWEIGHTED/ WUCAL

THE NUMRER OF CELLS OCCUPIED BRY
THE CONTENTS OF IBKY/ READATY

THE HISTORY (SAVFD) VALUE OF THE
INERTIA MATRIX. / MASSP, RMOT]

A POINTER 7O THE EVENT IN 1IPKT/
READAT

A POINTER USFD IN THE GENERAL
DATA ARRAY (IGEN)/ READAY

A POINTFR USED IN THE TARLE DATA
ARRAY (IRKT)/ READAT

AN INDEX ON JEVNT/ TGOEMI
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FORTR AN
SYBMOL

IXG

IXGEN

IXT

Ix1
X2

IXTRL

JAC(2)

I=1,26

JMLTY

JMULT

KREEP

LB(2)
I=1,9

LIMGBX

LIMBKT

DEFINITION OF INTERNAL FORTRAN SYMROLS (CONTD)

MATH
SyMBOL

COMMON

READAT

READAT

READAT

READAT

READAY

SEARC

READAT

MULTRC

SEARC

oPGVC

READATY

READAT

DEFINITION/SURRCUTINE T

POINTS T0 BEGINNING OF CURRENT
PHASE IN NEW CASFE DATA SET/
READATY

THFE NUMBFR OF CELLS OCCUPIED BY
THE CONTENTS OF TGEN/ READAT

AN INDEX USED TO PACK THE TABLES
INTO 1BKT/ READATY

INDICES USED 70 RUILD THE DATA
BUFFERS/ READAT

THE CORE LOCATION OF THF TABLE
BEING INSERTED INTC IRKT/ READAT

THF INDICES OF THE ACTIVE
CONSTRAINTS/ TRYITI1

POINTS TO END OF LABELED COMMON
HOLINC TN IV/ READATY

SIZF OF TABLE DATA RFCORD SAVED
FOP MULTIPLE RUN/ READAT

A FLAG WHICH INDICATES IF THE
TTERATION IS PRCOGRESSING TOWARDS
A SDLUTICN/ TEST

THE TRANSFORMATION MATRIX FROM
THE LAUNCH INERTIAL TO THE RODY
SYSTEM/ IBMTRX

THE MAXIMUM SIZE OF THE GENERAL
DATA ARRAY (IGFN)/ RFEADAT

THE MAXTMUM SIZE OF THE TARLE
DATA ARRAY (TBKT)/ READAT

«

)



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FOR TR AN
SYBMOL

————— . o

LISTD(])
=1 .40

LISTI(I)
I=1,40

LMBKY

LMEVY

LNGTH

LPRNT

NACS

NAMSVR (1)
I=l’51

NDISC

NEQC

NETF

MATH
SYMBOL

COMMON

DYTEM
DYTEM

READAY

READAT
READAT
INFVC
DYTEM

SEARC
SEARC
DYNVC

SEARC

SEARC

DEFINITION/SUBROUTINE

THE ADDRFSSES COF THE CURRENT
DEPRIVATIVES/ DYSI1l, DLOCK

THE ADDRFSSES OF THE CURRENT
INTEGRALS/ DYSTI1, DLONK

THE CURRENT SI2F CF IBKT/ READAY

THE SIZF OF THF CURRENT EVENT
REING INPUT/ READAT

THF LENGTH OF THE COMPUTATIONAL
COMMON AREA/ READAT

THE LAST PRINT TIME/ INFXMI,
INFXM

THE NUMBER OF INTEGRALS IN THE
CURRENT PHASE/ DYSI1, DLOOK

THE NUMBER OF ACTIVE CONSTRAINTS
INCLUDING THE FQUALITY CON-
STRAINTS/ TRYIT]

THE HOLLERITH NAMES OF THE
CONTRCLy TARGET, AND CPTIM-
TZATION VARTABLES/ READAT

A FLAG TO SIGNAL THE INTEGRA-
TION ALGORITHM THAT THERE IS A
DISCONTINUITY/ DYNXA

THE NUMBER OF EQUALITY CON-
STRAINTS/ MINMYS

A FLAG WHICH IS SET NON-2ERQO IF
SRCHM=4 AND OPTY 1S NON-ZERC/
MINMYS



DEFINITION OF INTERNAL FORTRAN SYMROLS (CONTD)

FOR?R AN M ‘TH . ST I LT T FoEEL_ g =
SYBMOL SYMBOL CCMMON DEFINITION/SUBROUTINE

— . g - e e g - g - —— —— -

NFLAG - SEARC A FLAG WHICH IS SET POSITIVE TO
INDICATE THAT THE PROBLEM HAS
COMVERGED/ TEST

NINDVX - ' READAT NUMBER OF INDEPENDENT PARAMETERS
SAVED FROM LAST RUN/ READAT
NLDADR(I) - READAT ADDRESS OF THE CONTROLS SAVED
1=1,25 FROM THE LAST SEARCH RUN/ READAT
NLDPH(1) -~ READAY PHASE NUMBERS ASSNCTATED WITH
I=1,25 THE CONTROLS SAVED FROM THF LAST

SEARCH RUN/ READAT

NOMF - SEARC A FLAG WHICH IS SET NON-2ERC IF
THE TRAJECTORY BRING RUN TS A
NCMINAL_ TRAJECTCRY/ NCMINL

NOO - SERVC FIXFD POINT ZERO

NO1 - SERVC FIXED PCINT MUMBERS lyess915

NO15

NPAGE - MULTRC PAGE COUNTER/ PAGER

NPASS - DYNVC AN INTEGRATION PASS FLAG/ DVYNXA,
RUK

NPCO - - LOCAL INPUT VALUES OF NPC(9), NPC(13)},

NPC13 | AND NPC(17) THAT ARE REQUIRED FOR

NPC17 PRINTOUT/ PRINTIC

NSTEP - SEARC AN ITERATION COUNTER FOR THE

CURRENT PROBLEM/ MINMYS
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DEFINITION OF INTERNAL FORTRAN SYMROLS (CONTD)

FORTR AN MATH
SYBMOL SYMBOL

COMMON

NTC -

NULL -

oLDG2

oLoP1
oLoP2

oLou

OMGSLT -

ONE -

PTCGO -

PCTOLD -

PE(I) -

1=1,240

PHZF -

SEARC

SERVC

SEARC

SEARC

SEARC

LOCAL

MNMMLT

TGOVC

SEARC

INFIC

PHZ VC

DEFINITION/SUBROUTINE

THE NUMBFR OF TIGHT CONSTRAINTS/
REVISE

A VARIABLE USED OT DETECT IF INPUT
VARIABLES HAVE BFEN INPUY., THE
STCRED VALUE OF NULL IS 1HU/
BLKDATY

G2MAG FROM THE PREVIOUS INTERATION/
TEST

PINOM AND P2NOM FROM THE PREVIQUS
ITERATION/ TESY

UMAG FROM THE PREVIOUS ITERATION/
TEST

OMEGA*SIN(LATC)/ MOTIAL, MOTION

THE NAMF OF A CELL WHICH CONTAINS
FLOATING PNINTY NONE/ NOMHOL

PERCENT OF NOMINAL INTEGRATION
STEP ALLOWED BY TIMF-TN-GO LOGIC
T BRACKET THF DESIRED FUNCION
VALUE/ TGECN

THE MAXIMUM PERCENTAGE CHANGE
ALLOWED CN THE PREVIOCUS PPTIM-
IZATION STEP/ TRYTI

THF CORE ADDRESSFS AND NAMES OF THE
CURRENT PRINT VARTABLES/ INFXMI,
INFXM

A FLAG TO INDICATE THAY THE TRAJ-
ECTORY IS 70 BF TERMINATED/ PHZIXM
=0y DO NOT TERMINATE THE TRAJECTORY
NE Oy TERMINATE THE TRAJECTORY
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FORTRAN
SYBMOL

Pl

PIF

P102

PNMCN (T
!=l"90

PNPI(I)
1=1,40

PROJ(I)

I1=1,625

PINOM
P2NOM
P2MIN
QLDUL T)
I1=1,25

QSREF

RERP2

REVNY

DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

)

MATH
SYMBOL

COMMON

SERVC

PHZVC

SERVC

DYTEM

DYTEM

OVRLY25

SEARC

SEARC
REDAT
LOCAL

LOCAL

REDAY

DEFINITION/SURROUTINE

P1/ BLKDAY

A PROGRAM INITIALIZATION FLAG/
PHZXMI

=0, THIS IS THE INITIALIZATION PASS
=1y THIS IS NOT THE INITIALIZAITON
PASS

PI DVER TwD/ BLKDAT

FIRST DIFFERENCE BETWEEN PREDICTED
SOLUTION AND CORRECYED SOLUTION
USED IN FCURTH ORDER PREDICTOR-
CCRRECTCOP FOPMULA/ FOPC

PREDUCTED SOLUTION IN FOURTH ORDER
PREDICTOR-CORRECTOR INTEGRATION
FORMULA/ FOPC

THE MATRIX WHICH DETERMINES THE
PRNJECTED GRADIENT/ UPDATS, REVISE

THE VALUES PF P1 AND P2 ON THE

NOMINAL TRAJECTCRY/ MINMYS

THE LOWER BOUND NN THF WIEGHTED
ERROR MAGNITUDE/ DELTU

CONTROLS SAVED FPCM LAST SEARCH
RUN/ RFEADAT

DYNAMIC PRESSURE TIMES THE
AFRODYNAMTC REFERENCE AREA/ MOTION

(RE/RP)**2/ MOTIAL

A VARTABLE USED T SEY A FLAG FOR
A ROVING EVENT/ READAT



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTR AN MATH

syamoL SYMROL COMMON

RPD - SERVC

S(I) - SEARC
I=1,25

SALPHA - LOCAL

CALPHA

SAVELTI) - TGOVC
1=1,70

SAVIT(1,J)- SEARC
I=1,27

J=1,5

SBANK - LOCAL

CBANK

SBETA - LOC AL

CBETA

SFCTLI - LOCAL
I=1,15

SGAMA - LOCAL

CGAMA

SIDEAL - AUXVC

DEFINITION/SUBROUTINE

—— ——

RADIANS PER DEGREE CONVERSION
FACTOR/ BLKDAT

THE VALUE OF DU FORM THE PREVIOUS
TTERATION/ CGM

THE SINE AND COSINE OF THE ANGLE
OF ATTACK/ GUID1, MOTION

THE VALUES OF THE STATE VARIABLES
AT THE LAST INTEGRAYICON STEP/ TCGOEM

AN ARRAY IN WHTCH THF RESULTS OF
THE CURVEFIT OF P1 AND P2 ARE

SAVED/ FGAMA

THE SINE AND COSINE OF THE ANGLE
BANK/ GUI1, MOTION

THE SINE AND COSINE OF THE ANGLF
SIDESLIP/ GUID1, MOTION

THE TABLE LPOK-UP VALUE OF THE
SPECIFIC FUFL CONSUMPTION FOR
ENGINE Y/ PROP

THE SINF AND COSINE OF THE PATH

ANGLE RELATIVE T0O THE ATMISPHERE/
GUID!, GUI2

THE SAVED VALUE OF VIDEAL USED

YO COMPUTE THE REQUIRED VELOCITY
MARGIN/ AUXFMT
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

THF SINE AND CCONSINE OF THE REFERENCE

FORTRAN  MATH - o

SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE

SINDPHII) - SEARC THE VALUES OF INDPH(I) WHICH ARE

1=1,25 SAVED IN READAT FOR PRNTIC/ READAT

SAZVA - LOC AL THE SINE AND COSINE OF THE AZIMUTH

CAZVA - ANGLE RELATIVE TO THE ATMOSPHERE/
GUI1, GUID2

SAZREF - LOCAL

CAZREF AZIMUTH ANGLE USED IN THE RANGE
CALCULATIONS/ AUXFMI

SGCLAT - LOC AL THE SINE, CNSINE, AND TANGENT OF

CGCLAT THE GFOCENTRIC LATITUDE OF THE

TGCLAY VEHICLE/ MOTIAL, MOTION

SLATRF - LOC AL THE SINE AND COSINE OF THE

CLATRF REFERFENCE LATITUDE USED IN THE
RANGE CALCULATTIONS/ AUXFMIT

SLG - LOC AL SINE AND COSINF OF GEODETIC

cLG LATITUDE/ MNTTAL

SLONG - LOCAL SINE AND COSINE OF INERTIAL

CLONG LONGITUDE/ MOTTAL, MOTION

SOLVED - ULTRC  FLAG SET TO INDICATE HOW THE LAST
OROBLEM TERMINATED/ SCORE

SSTI(I) - OVRLY25 A MATRIX USED TN COMPUTING THE

1=1,625 PROJECTING MATRIX AND IS EQUAL

V-18
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FOR TR AN
SyaMoL

STEMPIT)
I1=1,25

STEP(T)
12196

SRMINP(I)
I=1,2

STPMAX

TABLE(I)
I=1,2500

TEMP(])
1=1,50

TGO

TGRAD

TI(I)
I=1,15

TIMIN

TIMX

T4D(T)
I=1,15

MATH
SYMBOL

COMMON

SERVC

SEARC

SEARC

SEARC

REDAY

SERVC

TGOVC

SEARC

MOTVC

SEARC

TGOVC

LoCAL

DEFINITION/SUBROUTINE

AN ARRAY USED FOR TEMPORARY
STORAGF

THE TRTAL STEP LENGTH FOR FACH
TRIAL STEP/ GENMIN

THE MINTMUM STEP SIZE DECREASE
FROM THF PREVIOUS STEP WHEN
GENERATING THF CURVEFIT/ GENMIN

THE LENGTH OF THE STEP IN THE
DIRECTION OF SEARCH REQUIRED TC
RFACH THE BOUNDARY FOR THE NEAREST
INEQUALITY CONTRAINTS / TRYIT!,
TRYIT2

THE CURRENT TABLE BEING INPUT. USED
TRANSFER THE TABLE FROM INPUT TO
THE STORAGE ARRAY IBKTY/ RTAB, READATY

AN ARRAY USED F0O® TEMPORARY
STORAGE

THE TIME TO GO TO THE NEXT EVENT/
TGCOEM

TIME REQUIRED TO COMPUTE ALL
TRAJECTORY SENSITIVITIES/
MINMYS

THE VALUE OF NFT THRUST FOR
ENGINE I/ PROP

THE TIMF AT WHICH THE EARLIEST
PHASE TN INDPH(I) OCCURS/ NNMINL,
SAVIC

THE LAST VALUE OF TIME/ TGOEM

THE TABLE LOCK-UP VALUF OF THRUST
FCR ENGINE 1/ PRCP
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DEFINITION OF INTERNAL FORTRAN SYMBCLS (CONTD)

FORTRAN
syamMoL

b -

TREF

TREFP

TREFS

TYRIAL

TWOPI

WECONH

WGTO

WJETTO

WPROPO

WPUSHOH

XINF

ZIXAVI(])
131’3

XYOME(1)
131'3

v-20

COMMON

cycvc

DYNVC

DYNVC

SEARC

SERVC

LOCAL

LOCAL

LOCAL

LOCAL

LOCAL

SERVC

AUXVC

DPGVC

DEFINITICN/SUBROUTINE

CYCXM

A TIME REFERENCE USED TO COMPUTE
THE NEXT STEP SIZE (DELT)/ CYCXMI

THE TYIME REFERENCED TO THE LASY
PRIMARY FVENT, CYCXMI, TGEOMI

THE TYME REFERENCED TO THE LAST
SECONDARY EVENT/ CYCXMI, TGOEMI

TIME REQUIRED FOR A TRIAL STEP
IN THE ONE DIMENSIONAL
MINIMIZATION ROUTINE/ FGAMA

TWO TIMES PI/ PLKDAT

THE HISTORY (SAVED) VALUE OF
WECON/ WGTINI

THE CALCULATFD VALUE OF INITIAL
STAGE WEIGHY/ WGTINT

THE SAVED VALUE OF JETTISON WEIGHT
FOR PRINTOUT PURPOSES/ WGTINI

INITIAL STYAGE PROPELLANT WFIGHT/
WTGINI, PROP

PROPELLANT CONSUMED UP TO AND
INCLUDING LAST PHASE/ WTGINI

FLOATING PDINT INFINITY (10.E10)/
BLKDAT

THE SAVED VALUES OF THE VEHICLE
POSITICN VECTCR RELATIVE TO THE
EARTH FOR USE IN COMPUTIING DPRNCGI1
AND DPRNG2/ AUXFMI T

CONSTANTS USED TO COMPUTE THROTTLE
COMMAND WHEN USING GENERALIZED
LINEAR COMMNADS/ MOTTIAL, PROP



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTR AN MATH
SYBmoL SYMBOL COMMON DEFINITION/SUBROUTINE
YES(1) - SFARC THE VALUES OF THE POLYNOMIALS
I=1,4 CENERATED DURINGC THE ONF
DIMENSICNAL MINIMIZATION
AT THEIR PREDICTED MINIMUMS/
TRYIT1
YP(I,Jd) - DYTEM RACK DERIVATIVES USED IN FOURTH
I=1,4 ORDER PREDICTOR-CORRECTOR
J=1,40 FORMULA/Z FOPC
YPVAVII} -~ DYTEM INITIAL VALUES OF INTEGRALS USED
I=1,40 IN PREDICTOR-CORRECTOR FORMULA/
FOPC
Yiin) - DYTEM WORKING STORAGE USED BY THE RUNGE-
Y2t1) KUTTA INTEGRPATION ALGORITHM/ RUK
I=1,40
Z1TRY(T) -~ SEARC SAVED VALUES OF PI1TRY(I)/ TRYIT]
12116
Z22TRY (1) - SEARC SAVED VALUES OF P2TRY(1)/ TRYITI1
I=1,6
IMAG - SEARC SAVED VALUE OF UMAG/ TRYIT1
IMAX - SEARC SAVED VALUE OF STPMAX/ TRYIT1
2P1DS - SEARC SAVED VALUE OF DPIDS/ TRYIT)
2P2DS - SEARC SAVED VALUE OF DP2DS/ TRYIT1
ISTEP(I) - SEARC SAVED VALUES OF THF TRIAL STEP
I=1,6 SIZES/ TRYIT!
ZYES( 1) - SEARC SAVED VALUFS OF YES(I)/ TRYITI
I=1,5
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VI.

V=22

POST SUBROUTINE INDEX

SUBROUTINF
NAME

i . s, o s . > &

ABT
ABXT
AERO
AEROHI
AER0O4
AIRFEM
ANGLE 2
ANGV2
ANPART
ANTANH
ATAN3
ATMCS
ATMOS 1
ATM0S 2
ATMOS3
AUTCPM
AUTP1]
AUTP2
AUXFM
AUY FMT
BACKO!Y
RACKCP
BLKDAY
8TW
BUCKET
CALE
CALSPE
CGM
CLGM
CLSPFL
COMBIN
CONIC
CONTM
CONVO
CONVO1
CUBMIN
CYCXM1
CYCXM2
CYCXM]T
DATA
DELTU
DERIV
DERVY
DGAMLA
DGM

OVERLAY

{(2,5)
(0,0)
(2,3)
(2,3)
(2+3)
{2+3)
{2,3)
(2,3)
{2,0)
(2,3)
12,0
(2,0)
(2,0)
(2,0)
(2,0)
t2,3)
(2,3)
(2,3)
(2,3)
{2,2)
{(2,0)
t2,¢)
(0,0)
(2,5)
(2,0)
(2,0)
(2,3)
{2,5%)
(2,3)
(2,0)
(2,5)
{(2+3)
(2,3)
(2,3)
12,3)
(2,0)
(2,3)
(2,3)
(2,2)
{2,0)
(2,5)

243)
(2,2)
{2,3)
(2,5)

——— e o —

237
“27
20
511
1076
365
167
36
41

17
105
61
20
27

74
L4
505
37
aca
24
103
41
202
104

33
16
10
131
120



POST SUBROUTINE INDEX (CCNTD)

SUBROUTINF OCTAL
NAME OVERLAY SI12E
DGMP2 (2,5) 30
DICT (1,0) 3
DIGDIF (2,0) 37
DINPT (2,1) 77
DLOCK (2,2) 51
DPRNG (2,3) 155
DOUAT (2,2) 24
DROP (2,5) 273
DTMOL (2,3) 111
DUCAL (2,5) 6
DWINDS (2,3) 35
DYNS2 (2,3) 14
DYNXA (2,2) 7
DYNXM (2,3) 17
DYNXMY 12,2) 12
DYSI1 (2,2) 32
ERROR (0,0) 47
EXPN (1,0) 52
FANDE (2,0) 14
FGAMA (2,0) 140
FOPC (2,3) 176
FOPMIN (2,0) 142
GARDD (2,5) 47
GAMLAM (2,0) 65
GCNTRL (2,3) 3
GEMNIN (2,0) 505
GENTAR (2,0) 27
GGUID (2,3) 17
GGUID1 (2,3) 25
GGUID2 (2,3) 1403
GMAG (2,5) INA
GNAV (2,3) 3
GRAD {2,0) 442
GRAV 2,3 &5
GSENSR (2,3) 76
HINGEM (2,3) 41
IBMTR X (2,00 51
IBMTXY (2,2) 203
ICKTAB (2,2) 21
INF XM (2,3) 206
INFXMI (2,2) 165
INPUTX (1,0) 647
INTGRL (2,2) 25
INVM (243)Y(2,5)(2,46)415

IRTBR (2,43) 32



POSYT SURROUTINE INDEX (CCNTD)

SUBROUTINE OCTAL
NAME OVERLAY S12¢
ITERO (2,6) 1606
LDRL (2,3} 50
MASSP {(2,3) 167
MASTER {(0,0) T,343/11,421
MATFY {2,0) 20
MINMY] (2,4) 117
MINMYS 12,0) 62
MINITR (2,3) 24
MOTABR 2+3) 157
MOTTIAL (2,2} 1303
MCTION {2,3) 273
MTR XM {2,0) 41
MTRXY 12,3 A |
MTRXTV (2,2)(2,2) 20
MTR XV (2,3)12,2) 20
NOMPOL (1,0) 276
NOMINL {?2,0) 1£1
NLGM t2,3) 53
ORBTR (2,2) 131
ouUTIY {2,6) 6
PAGER (0,0) 46
PAOC {(2,0) 65
PAXCAL (2,2) 206
PRLOCK t2,3) 275
PGM {2,5) 210
PHZ XM (2,3) 210
PHZ XM I (2,2) 22
POLY (2,0) 6
peY {2,¢) 21
PQY (2,0) 3R
PRNTIC (2,2) 3617
PPOP {2,3) 3032
PTOIC (244) 532
OMULT {(2,2) 23
ORTATE {2,2) 65
QUADMN {(2,0) L6
QUAT] t2,2) Sa
QUAT? {2,2) 24
QUAT2 (2,2) 45
READAY (1,0) 2606
REVDAY {0,0) 3
REVISE (2,5) 117
RGENDA {1,0) 1020
RMOTI (2,2) 206
RMOTM (2,3) 135
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POST SUBROUTINE INDEX (CONTD)

SUBROUTINE
NAME

RSCORE
RSEARC
RYAR
RTBLML
PUK
RUK 2
SAVIC
SCORE
SDM
CERCH
SETIC
SETIV
SHRINK
se
SREL
SYMATS
SYMSTA
TESY
TGOEM
TGOEM]
THRM
THPLCSM
TMOTM
TOIN
TeQSM
TRAJ
TRYIT1
TRYIT2
TSPXM
UNTITCOU
UPDATS
UPNOM
VCROSS
vooT
VUNTT
WGTINT
WINDS
WUC AL
WRNGE 1
TEROM
ZLAGF
IWASHF

OVERLAY

(1,0)
{1,0)
(1,0)
(1,0)
(2,3)
{243)
{2,0)
(1,0
(2+5)
{1,0)
(2,0)
(2,0)
(1,0)
(2,0)
(1,0)
{2,5)
(2,5)
(2,0)
{2,3)
(2,2)
(2,0)
(2,0)
12,43)
{244)
(2,0)
(2,0)
(2,0)
{2,0)
(2,0)
(2,0)
12,%)
(2,0}
(2,3)
(2,+3)
(2,43)
12,2)
{2,0)
(244)
(2,+3)
(2,5)
(2,3)
(2,3)

OCTAL
SI1zZE

52
214
702

1223

77

40

54

20

10

32
122

36

50

10

43
113
113
114
307
275

73

76

37

7

44
225
275
153

23

a2

2546

12

12

10

20

73

&0

26

52

14
110
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